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Section 1.0 ' Introduction

1.0 Introduction

Disposable shop towels and wipers are used throughout industry for equipment and other
facility cleaning and degreasing operations. During the cleaning operations, these towels and
wipers frequently are contaminated with solvents. Upon disposal, the “spent” shop towels are
identified as hazardous waste under federal regulations if the solvent used is a characteristic or
listed solvent (40 CFR 261 Appendix VII, FOO1 through FOOS, November 14, 1997).

The U.S. Environmental Protection Agency (EPA) has been petitioned to address the
issue of exempting disposable wipers contaminated with listed or characteristic solvents from
hazardous waste regulations. Regulated industries argue that, when small amounts of solvent are
used on each shop towel, minimal risk is posed from their disposal in municipal landfills rather
than in Subtitle C regulated landfills. The EPA Office of Solid Waste (OSW) recently conducted
a study to identify use and disposal patterns and practices for shop towels and wipers. This risk
assessment evaluates the human health risk posed if wipers contaminated with listed hazardous

- solvents are exempted from federal and state regulations and disposed of in municipal landfills.

Residents living near municipal landfills receiving solvent-contaminated spent wipes may
be exposed to vapors or contaminated groundwater. This document evaluates the potential health
risks associated with these exposures. The following steps were completed: the waste was
characterized, the municipal landfill scenario defined, the fate and transport potential of the
constituents determined, the receptors and exposure pathways identified, and the resulting risks
estimated. A final section includes the references cited in this document. Appendixes to this
document provide more detail on the models used in this risk analysis.
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Section 2.0 Waste Stream Characterization

2.0 Waste Stream Characterizationv

The disposable shop towel and wiper waste stream may include many types of shop towels
and wipers that may be contaminated with a variety of solvents, some of which may be listed or
characteristic wastes. These waste streams may be produced by both large-quantity generators
(LQGs) and small-quantity generators (SQGs). According to a recent study by EPA’s Office of
Solid Waste (OSW), the LQG is assumed to generate a total of 120 wipers per day and the SQG is
assumed to generate a total of 30 contaminated wipers per day.

There has been no attempt to characterize‘the matrix effects of the individual shop towel
or wiper products. Instead the towels and wipers have been characterized as a single product,
hereafter referred to as a wiper. These products are assumed to weigh 10.48 g each (O’Leary,
1997) and to be contaminated with an equal weight of solvent at disposal. The solvent is not
assumed to be bound to the wiper matrix; thus, all solvents are assumed to be free in the landfill
environment for volatilizing to air and/or leaching to groundwater. Thus, the disposal of each

~ contaminated wiper represents the addition of 10.48 g of a solvent in the landfill. These

assumptions are based on data collected during the economic analysis of this waste listing
determination.

The solvent contaminants examined in this risk assessment include all constituents listed
in Appendix VII for FOO1 through FO05 (40 CFR 261.31):

FOOT ..o The following spent halogenated solvents used in degreasing:
Tetrachloroethylene, trichloroethylene, methylene chloride, 1,1,1-trichloroethane, carbon
tetrachloride, and chlorinated fluorocarbons; all spent solvent mixtures/blends used iri degreasing
containing, before use, a total of ten percent or more (by volume) of one or more of the above
halogenated solvents or those solvents listed in FO02, F004, and FOO05; and still bottoms from the
recovery of these spent solvents and spent solvent mixtures. (T)

FOO2 .o The following spent halogenated solvents: Tetrachloroethylene,
methylene chloride, trichloroethylene, 1,1,1-trichloroethane, chlorobenzene, 1,1,2-trichloro-1,2,2-
trifluoroethane, ortho-dichlorobenzene, trichlorofluoromethane, and 1,1,2-trichloroethane; all’spent
solvent mixtures/blends containing, before use, a total often percent or more (by volume) of one or
more of the above halogenated solvents or those listed in FOO1, FOO4, or FOOS; and still bottoms
from the recovery of these spent solvents and spent solvent mixtures. (T)

FOO3 e The following spent non-halogenated solvents: Xylene, acetone, ethyl
acetate, ethyl benzene, ethyl ether, methyl isobutyl ketone, n-butyl alcohol, cyclohexanone, and
methanol; all spent solvent mixtures/blends containing, before use, only the above spent non-
halogenated solvents; and all spent.solvent mixtures/blends containing, before use, one or more of
the above non-halogenated solvents, and, a total of ten percent or more (by volume) of one or more
of those solvents listed in F0O1, F002, FO04, and FO0S; and still bottoms from the recovery of these
spent solvents and spent solvent mixtures. (I)*
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FOO4 ... The following spent non-halogenated solvents: Cresols and cresylic
acid, and nitrobenzene; all spent solvent mixtures/blends containing, before use, a total of ten
percent or more (by volume) of one or more of the above non-halogenated solvents or those
solvents listed in FOO1, F002, and FOOS; and still bottoms from the recovery of these spent solvents
and spent solvent mixtures. (T)

FOOS .o, The following spent non-halogenated solvents: Toluene, methyl ethyl
ketone, carbon disulfide, isobutanol, pyridine, benzene, 2-ethoxyethanol, and 2-nitropropane; all
spent solvent mixtures/blends containing, before use, a total of ten percent or more (by volume) of
one or more of the above non-halogenated solvents or those solvents listed in FOO1, FO02, or FO04;
and still bottoms from the-recovery of these spent solvents and spent solvent mixtures. (I, T)

The quantity of each solvent is assumed to equal the weight of each wiper on which it is
assumed to be used. Thus, the risk from each solvent is estimated individually and no risk to
multiple contaminants has been assessed. All wipers from a facility are assumed to be con-
taminated with a single solvent and each risk number in the results section (Section 6.0)
represents risk from a single solvent disposed of by a single generator at a single landfill.
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Section 3.0 Site Characzerization

3.0 Site Characterization

This section provides general information on climate, soil types, and landfill parameters.

31 Climate

Solvent-contaminated wipers are generated nationwide and, therefore, the locations
selected for modeling should be representative of the central tendency and high-end meteorologic
conditions in the United States. For this analysis, 29 meteorologic regions were evaluated (see
Figure 3-1). The meteorological regions are the 29 regions identified in an assessment conducted

~ for EPA’s Superfund Soil Screening Levels (SSLs) program (EQM, 1993). These meteorologic

data are considered to be representative of both broad geographic climate regions which

. characterize the continental US and of more narrowly defined meteorological stations for which

data is élvailab]e throughout the US. This section describes the methodology used to select these

~ 29 regions.

~ In the Superfund analysis, meteorological data primarily from the Support Center for
Regulatory Air Models (SCRAM) Bulletin Board, which provides information on 200
meteorological stations in the United States, was used to subdivide the contmental US mto 29
meteoro]oglcal regions. The SCRAM Bulletin Board can be accessed at
http /Iwww.epa.gov/scram001. The 29 meteorological stations are distributed among mne ‘
general climate regions based on meteorolog1cal representativeness and variability across: tach
region. These regions are: North Pacific Coastal; South Pacific Coastal; Southwest; Northwest
Mountains; Central Plains; Southeast; Midwest; Northern Atlantic; and South Florida. i

Once the regions were identified, large scale regional average meteorologlca] COI‘]dlUOl’lS

were used to select representative meteorological stations within each of 29 regions. Based on
statistical analyses, the 29 meteorological stations were determined to be representatlve of the
200 meteorological stations in the U.S. for which data is available from the; SCRAM Bu]]etm
Board. : ~

The GIS data was used to construct more accurate meteorologlc-based boundanes around i
station. This effort was undertaken to ensure that each region represents a \ area in Wthh b
meteorological conditions are most similar to conditions measured at the 1 1”“ teorologlcal station.
As;a first step in this process, the boundaries were adjusted to correspond,fto Bailey’ S ecologlcaI'
lelSlOIlS and provinces. (Bailey et al., 1994) Bailey’s regions are defined: prlmarlly on
physmgraphy and climate. Baily recognizes all natural ecosystems by differences in climatic

3-1
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Section 3.0 ‘ Site Characterization

regime. Climate, as a source of energy and moisture, acts as the primary control of the
ecosystem. Other important criteria for establishing limits of ecosystems are soil and landform.
Thus, by using Baily’s ecoregions to help in defining the boundaries of the climate regions
landform, soil and climate are all considered in setting the boundaries.

Next, the Agency evaluated other physiographic features which are not addressed in
Bailey’s criteria but which are likely to influence climate conditions in certain atypical climatic
areas. This was done in an effort to ensure that the following unique regions were addressed
within the selected regions: coastal regimes which are dominated by coastal climate effects -
these are generally narrow regions which stretch about 25 to 50 miles inland; tropical/subtropical

- and arid/semi-arid divisions in the southwestern US; and northwestern regions within

Washington, Oregon, and California which are characterized by the more humid marine/redwood
or Mediterranean mountain regimes. General wind regimes were also considered in the defining
the 29 regions. The data from the 29 selected meteorologic stations are considered to be
representative of the climate regions and all modeling is conducted using these data. Each of
these regions is represented by a meteorologic site. The climatic data for the sites used in this
analysis are presented in Table 3-1. The most important climate parameters for this analysis are
precipitation, which effects leaching to groundwater; windspeed, which increases plume
dispersion; and temperature which increases volatilization. The meteorologic conditions affect
both the non groundwater risk through the air emissions and the groundwater risk through the
generatron of leachate. The central tendency location selected for this analysis was Lincoln, NE.

Table 3-1. Meteorological Data for Modeled Sites

Parameter Units Houston Lincoln Reference

Average annual precipitation . infyr 47 29 International Station Meteorological
. . Climate Summary, June 1992,

Average annual prec;pnatlon cm/iyr 119 75 Calculated

Average annual . o cm/yr €66 47  Calculated

evapotranspiration i ‘

Average annual runoff infyr 5 1 Leeden, 1990

Average annual runoff cm/yr 14 3  Calculated

Average annual temperature °F 69 51 International Station Meteorological

o Climate Summary, June 1992.

Avérage annual temperature K 294 284 Calculated

Mean annual Windspeed knots 8 10 International Station Meteorological -
T Climate Summary, June 1992

Mean annual windspeed m/s 4 5 Calculated

This location was the central tendency location used in the Hazardous Waste Identification Rule
to represent median climatic conditions in the United States. In order to select a high-end
location, several warm and wet locations were examined to see which one produced high risk
both through the air and through the groundwater pathway. The highest risk by each pathway
individually is not necessarily the location demonstrating the highest overall risk. For example,
the location showing the highest air pathway risk is Phoenix, AZ; however, this location is so

33
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arid that landfill leachate volume is very low or nonexistent, eliminating the groundwater
pathway from consideration. Table 3-2 presents the comparative air emissions and leachate
concentration data for the sites selected for consideration, Houston, TX, Charleston, SC, and
Miami, FL.. Houston, TX was selected as the high end location based on combined risk from
groundwater and air emissions.

Table 3-2. Comparative Air Emissions and Leachate Concentration

Charleston | Houston | Miami

Charleston |Houston| Miami

Constituent CAS No. Average Emission Rates " Average Leachate
(g/m2-sec) - Concentrations (mg/L)
Carbon tetrachloride - 56235 1.92E-07 1.92E-07|1.92E-07 1.10E-01] 1.12E-01| 1.09E-01
Ethyl ether 60297 1 2.59E-07 2.60E-07|2.59E-07| 1.89E+01] 1.95E+01| 1.83E+01
~ Methanol 67561|° 3.11E-08| 3.11E-08({3.12E-08]/. 1.15E+01|.1.20E+01{ 1.13E+01
Acetone 67641|  7.59E-08{ = 7.59E-08|7.60E-08| 7.69E+00| 8.02E+00| 7.53E+00
Butanol 71363 4.51E-09| 4.47E-09{4,53E-09 1.19E+00 1.24E+60 1.17E+00
Benzene 71432 1. 05E-07 1.05E-D7 1.06E-07|"  1.28E-01| 1.33E-01| 1.26E-01
Trichloroethane, 1,1,1- 71556 1 90E 07 ‘1.‘90E-:O7 1. 90E 07| 1.72E-01], 1. 76E-f)1; 1.70E-01
Methylene chloride 75092  2.16E-07| 2.16E-07|2.16E-07|  1.32E+00| 1.36E+00| 1.30E+00
Carbon disulfide 75150|  3.06E-07| 3.06E-07|3.06E-07|  2.59E+00|'2.60E+00] 2.57E+00
Trichlorofluoromethane 75694 2. 96E 07| 2. 96E 07[2.96E-07 1.45E-01 1.48E-01j 1.44E-01
Trichloro-1,2,2-trifluoroethane,| 76131|  3.07E-07|  3.07E-07|3.07E-07 1.94E-01| 1.95E-01] 1.94E-01
1,1,2-
Isobutyl alcohol 78831 7.99E-09 7.95E-098.03E-09 1.48E+00| 1.54E+00| 1.45E+00
Methyl ethyl ketone 78933 4.81E- 08‘ 4.80E-08/4.81E-08 3.60E+00]{ 3.75E+00| 3.53E+00
Trichloroethane, 1,1,2-° 79005 6.30E-08] 6;3OE-‘08 6.30E-08 6.37E-01| 6.48E-01] 6.32E-01
Trichloroethylene 79016|  1.13E-07| 1.13E-07[1.13E-07 1.27E-01| 1.30E-01] 1.26E-01
Nitropropane, 2- 79469 1.03E-07 1.03E-07{9.67E-08 6.38E+00| 6.52E+00| 5.51E+00
o-Xylene 95476 4.13E-08 4.13E-08|4.13E:08 3.26E-01| 3.27E-01| 3.26E-01
Cresol, o- 95487 8.19E-10 8.09E-10{8.17E-10 2.74E-01]| 2.83E-01] 2.70E-01
Dichlorobenzene, 12 95501 2.67E-09 2.67E-09|2.67E-09 2.12E-02| 2.17E-02] 2.10E-02
Nitrobenzene 98953 2.12E-09 2.06E-09/2.18E-09 7.95E-01 8.‘1,3E-301 7.87E-01
Ethylbenzene 100414 2.24E-08 2.24E-08{2.24E-08 9.32E-03| 9. 70E—:03‘ 9.14E:03
Cresol, p- 106445 3.59E-10 3.60E-10|3.57E-10 4.37E-02| 4.56E- 02 4.27E-02
Methyl isobutyl ketone 108101 2.50E-08 2.50E-08|2.50E-08 5.75E-01]| 6. 00E-01| 5.64E-01
m-Xylene 108383, 4.02E-08 4.02E-08/4.02E-08 2.79E-01] 2.80E-01| 2.79E-01
Cresol, m- 108394 4.85E-10 4.88E-1014.77E-10 1.02E-01 1.06E-;01 9.96E-02
Toluene 108883! 5.89E-08 5.89E-08|5.88E-08 4.12E-02 4.26E-‘02 4.05E-02
Chlorobenzene 108907 3.93E-08 3.93E-08|3.93E-08 7.21E-02 7.38E-10;21 7.13E-02
Cyclohexanone 108941 8.31E-09 8.33E-09|8.25E-09 3.62E+01 3.77E+‘Oi 3.46E+01
Ethoxyethanol, 2- 110805]- 1.14E-09 1.20E-09{1.09E-09 1.79E+01| 1.85E+01,| 1.76E+01

3.2 Landfill Parameters

Landfill volume determines the effective concentration of solvents in.the landfill, and
landfill surface area is used to estimate air emission and dispersion and leachate concentrations.
Landfill dimensions were determined from the municipal landfill descriptions submitted by the
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Section 3.0 Site Characterization

State of Texas and the distribution of landfill areas for municipal landfills from the national
survey of solid waste (municipal) landfill facilities conducted in support of the toxicity
characteristic (U.S. EPA, 1988). The landfill is assumed to have a lifetime of 30 yrs and to have a
single cell open each year; thus, each annual cell has an area 1/30th of the total landfill area. The
distribution of landfill and cell areas derived from the survey is presented in Table 3-3. The high
end landfill area for the non-groundwater pathway is always the 10th percentile value because it
represents the higher effective concentration of constituent in the landfill. For the groundwater
pathway the high end landfill area may be some other landfill area, because of the interaction of
effective landfill concentration of constituents and the DAFs estimated based on landfill area.
DAFs are indirectly related to the landfill area, however, area is also inversely related to effective
concentrations of constituents in the landfill. The high end landfill area may be neither the 10th
or the 90th percentile, but instead some intermediate size. A sensitivity analysis has been
conducted for landfill area has been performed and the results are presented in Appendix F.

Information on depth or total capacity of landfills corresponding to the nationwide
distribution of landfill areas was not available. Therefore, to determine a realistic value, these
areas were compared to the areas reported for landfills in Texas. Texas landfills were identified
that most closely corresponded to the 50th and 10th percentile landfills from the nationwide
distribution. The landfills with the corresponding areas were selected as representative of central
tendency and small landfills, respectively. There were three landfills in Texas that corresponded
to the 50th percentile area; however, no landfill as small as 8,090 m? was identified. Therefore,
the two landfills with areas of 12,144 m? were used to estimate an appropriate depth for landfills
of this area. [Note: A sensitivity analysis conducted for air emissions from landfill cells indicates
that small differences in surface area of landfill cells makes no significant difference in the vapor
air concentrations estimated at the receptor location within the limits of this analysis (RTI,
1998).] The depths of the landfills identified as corresponding to the 50th and 10th percentile
ranged from 8 (2.4 m) to 30 ft (9.1 m) with an average depth of 18 ft (5.5 m). The landfill
corresponding to 3 acres and 8 ft deep received only 32 tons of waste in 1996. This data point
“n” was determined to be an outlier when compared to the distribution of municipal landfills.
The depth of 18 ft (5.5 m) was chosen for use in this analysis for both areas. The data used to
estimate the landfill depths are presented in Table 3-4. The total distribution of landfill depths

Table 3-3. Distribution of Municipal Landfill Areas

Total landfill area, m? Landfill cell area, m? Cumulative percentage

4,000 133.3 0

8,090 269.7 ' 10

20,200 | 673.3 25

60,700 2,023 50

194,000 6,467 75

420,000 . 14,000 20

9,350,000 311,667 100
3-5




Section 3.0- . ’ Site Characterization

Table 3-4. Texas Landfill Data Used to Estimate Landfill Depths

Landfill permit number  Total landfillable area, Maximum depth, ft (m)
acres (m?)

630° | 3(12,144 A

1418 3(12,144) © © 18(55)

664 | ~ 15(60,700) | 30(9.1) .

1,267 15 (60,700) -~ 18(5.5)

1,520 . 15 (60,700) | 20 (6.1)

# Determined to be outlier based upon annual waste volume

reported for Texas landfills was examined and the 10th (4 m) and 90th (28 m) percentile depths
were identified. This distribution is presented in Table 3-5. For this analysis the depth of the
landfill is used to determine the annual capacity of the landfill cell based upon a 30-yr lifetime
for the landfill. A sensitivity analysis was performed for landfill depth using the values. The
results indicate that the maximum effect on risk was to-decrease risk by less than an order of
magnitude at the 90th percentile value for depth and increase risk by a factor of 2 or less at the

- 10th percentile value. This may be an over-estimation of annual waste volume because many
landfills in the Texas survey reported estimated lifetimes in excess of 30 years. A discussion of
the landfill depth sensitivity analysis is presented in Appendix F. Appendix F documents
sensitivity analyses that have been performed for several parameters that are associated with the
greatest uncertainty in this analysis. |

Table 3-5 Distribution of Landfihll Depths (Texas Landfill Survey)

Percentile | Depth (ft) Dépth (m)
10 | 12 | 4
50 | 35 | 11
90 92.5 28
Mean 47 14

3.6
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Section 3.0 Site Characterization

3.3 Soils Data

Soils data generally are required for ground water fate and transport modeling. However,
for this risk assessment, generic dilution/attenuation factors (DAFs) were used to assess
groundwater risk; no site-specific or constituent-specific groundwater modeling was performed,
thus, soil transport was inconsequential. Therefore, general soil parameters representing a central
tendency soil type were used to represent the daily cover material. The most common soil type in
the United States is silt loam soil. Soil type is a fractal parameter. That is, the most common soil
type in the nation is also the most common in each region, and in each smaller division of area.

Thus, the most common soil type is appropriate for use in this analysis. The parameters for silt

loam soil are presented in Table 3-6.

Table 3-6. Summary of Silt Loam Soil Parameters

Central

Parameter Units tendency Reference -
Bulk density of soil at deposition g/cm? 1.46 Calculated from saturated
location volumetric water content
Saturated volumetric water
content of soil mL/cm?® 0.45 Carsel and Parish, 1988
Saturated hydraulic conductivity cm/yr 3942 Carsel and Parish, 1988
Soil-specific exponent
representing moisture retention unitless 53 Clapp and Hornburger, 1978
Fraction of organic carbon in soil
at deposition location unitless 0.012 STATSGO
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Section 4.0 ‘ ‘ ‘ Environmental Fate and Transport Modeling

4.0 Environmental Fate and Transport Modeling

This section reviews the models and assumptions used to predict environmental fate and
transport of the solvents released from wipers disposed in municipal landfills. Detailed
discussions of the models are provided in Appendices A and B.

Potential release mechanisms for the municipal landfill include volatile emissions and
leaching (Figure 4-1). It is assumed that the landfill has erosion and runoff controls and that the
active landfill cell has a daily cover applied. The remainder of the landfill is assumed to have a
permanent cap. Therefore, no runoff, erosion, or particulate emissions are considered for the
landfill.

Entire
Landfilt
Landfill Annual Cells
1 Landfill er D
Annual Layer2
Cell
4 — VARV ARV
/ V-—Ff-F-F-
VARV AR A4
/[ Layer 1
—
Daily Additions
Volatile Volatile
Emissions Emissions
. Daily
1 Daily Waste Waste
Addition Addition
Cell Biodegradation Covered | Biodegradation —

Leaching Leaching

Figure 4-1. Landfill partitioning schematic.
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Section 4.0 - - S : _ Environmental Fate and Transport Modeling

The waste constituents addressed in this risk assessment are listed in Section 2.0. Physical
and chemical properties of these constituents that are used in this analysis are listed in Table 4-1.
These physical and chemical properties are used to model the environmental fate and transport
processes.

4.1 Partitioning Model

A spreadsheet model has been developed based on the equations used to estimate the
partitioning of pesticide products in the environment (Jury et al., 1983, 1984, 1990). These
equations partition the waste in the landfill to waste, air, and pore water and calculate potential
losses from leaching, volatilization, and degradation. The appropriateness of including
degradation in the landfill scenario is a'debatable point. This issue is addressed in a sensitivity
analysis presented in Appendix F. In the sensitivity analysis the effect of assuming a zero
degradation. of solvent constltuents in the landfﬂ] is compared to the risk and HQ estlmated
including degradatlon in the. ana1y51s

For this analysis, the partitioning model has been adapted to Tepresent emissions
specifically from a municipal landfill. The regulations presented in 40 CFR 258, Criteria for
Municipal Solid Waste Landfills, January 20, 1998, indicate that the following criteria must be
met: \

¢ Daily waste additions not té exceed 2.5 ft in depth
¢ Daily soil cover of 6 in.
s Cap thickness of at least 30 in.

These requirements have been included in the model so that regulations are not violated.
Waste is assumed to be collected 350 d/yr and each daily addition volume is placed in a “daily
pile” in the landfill so that the height does not exceed 2.5 feet. The daily pile is assumed to emit
vapors for 12 hours prior to the application of daily cover. On day 2, the daily waste is placed in
a second daily pile assumed to be adjacent to the initial daily pile. On day 2, emissions are
estimated from daily pile 2 (uncovered for 12 hours) and from daily pile 1 through the daily soil
cover. The number of daily piles is estimated based on the area of the landfill cell divided by the
area of each daily pile. Additions of new daily pi]fesu.qontinue: until the area of the cell is filled
with a layer of daily waste. When a layer is ‘chp]“eted, a second layer is begun by placing the
next daily waste addition on top of the initial daily wastepile. This process continues until the
annual cell is filled. When the annual cell is filled, a 30-inch-thick landfill cap is applied.
Minimal emissions are estimated to continue through the cell cap for the remainder of the
modeling duration (30-year lifetime of the landfill and 40 years thereafter). The modeling
duration has been selected to cover the peak period: for leachate concentration generation, which
frequently occurs after landfill closure. Figure 4-1 depicts the landfill addition scenario as
modeled. The landfill model sums the emissions from the uncovered wastepiles, the covered .
wastepiles (daily cover), and the capped cells in a dynamic model, The partitioning model and
equations are discussed in greater detail in Appendix A. The input parameters used in the
partitioning model are presented in Table 4- 2.
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Section 4.0

Environmental Fate and Transport Modeling

Table 4-2. Input Parameters Used in the Landfill Partitioning Model

Calculated

Annual waste quantity (tonne) 0.078 0.31

Lifetime of landfill (yr) 30 US EPA, 1988
Total area of landfill (m?) 60,705 | 8,094 |USEPA, 1988
Depth of landfill (m) 55 Texas Landfill Survey
Bulk density of municipal waste (tonne/m”) 0.522 US EPA, 1994
Mass of waste/cell (kg) ' Calculated Calculated
Averag‘e‘ an“nuall precipitation (¢m) 119 75 ISMCS, 1992
Average annUal; eVapotfanspiration (cm) 66 47 Leeden, 1990
_Avérage a’\nnualj‘ runoff (cm) | 14 3 Leeden, 1990
Average annual ilrri‘gati‘ons 0 0 Assumption
Average annual infiltration (cm) 40 25 Calculated
Fraction organic carbon (municipal waste) 0.41 US EPA, 1994
(9/9) - |

Total porosi‘ty & (municipal waste) 0.67 US EPA, 1994
(cm*cm?®) .
Liquid filled porosity  (municipal waste) 0.12 US EPA, 1994
(em®cm®) :

Air porosity (cm®cm?®) 0.55 Calculated
Depth of daily waste additions (m) 0.76 40 CFR 258
Time uncovered (hr) 12 Assumed
Thickness of daily cover (soil) (m) 0.15 US EPA, 1994
Thickness of cap (clay) (m) - 0.60 US EPA, 1994
Operating days/year 350 Assumed
Layers 54 Calculated
Daily additions/layer 65 Calculated
Average exposed time (days) 68 Calculated
Area of daily addition (m?) 47 Calculated
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4.2 Air Emissions, Dispersion, and Deposition

The Industrial Source Complex Model Short Term (ISCST3) model was used to model
dispersion of the volatile emissions from the landfill to the receptor (U.S. EPA, 1995a). The
emissions from all three waste emission processes (uncovered wastepile, daily covered wastepile,
and capped cell) are summed and averaged for the entire landfill area for each time step. Table
4-3 presents the estimated air emission rates at each modeled landfill and the corresponding air
concentrations of vapors at receptor locations. These averaged total emissions are then modeled
using ISCST3. ISCST3 is a Gaussian plume model that can simulate both wet and dry deposition
and plume depletion. The model uses annual hourly surface observation meteorologic data and
twice daily upper air data. The EPA’s ISCST3 model is applicable in simple, intermediate, and
complex terrains. However, as discussed in Volume II of the ISCST3 User’s Guide (U S. EPA,
1995a), the complex terrain screening algorlthms do not apply to area sources such as the ‘
emission source being investigated as part of the this analysis (i.e. , municipal landfill). |
Consequently, regardless of the location being modeled, receptor elevations and the terrain grid
pathway were not specified in the ISCST3 input files. The ISCST3 model was run'using
“default” model options specified in the Guideline on Air Quality Models (U.S. EPA, 1993). The
ISCST3 outputs were used to estimate the vapor air concentrations of constituents at the receptor
locations needed to deve]op risk estimates associated with exposures attrlbutable to vapor
emissions from a mumcxpal landfill. ISCST3 is descr1bed in greater detail in Appendlx B.

The dxspers1on and deposition modeling is dependent upon the size of the area being
modeled as well as the meteorologic data for the landfill Jocation. The size dlstrlbutlon of
landfills is presented in Section 3.0. For a previous risk assessment, a represematlve distribution
of landfill cell areas was modeled for all 29 meteorologic locations (RTI, 1998). A sensitivity
analysis was ‘conducted to verify that air dispersion modeling results for a landfill cell area in the
middle of a specified range of landflll cell areas can be used to represent the results for the range
of cell areas. This sensitivity analysis.is presented in Appendix C. The representative cell areas
used to develop the modeling results used in this risk assessment are presented in Table 4-4.

The dispersiofl and deposition of vapors also varies with the distances between the
landfill and the receptor. The distance to receptor used in this risk analysis is 75 m (U.S. EPA,
1991). A previous sensitivity analysis that examined the issue of the placement of receptors
showed that the maximum downwind concentrations decrease sharply from the edge of the
source to about 1,000 m from the source (RTI, 1998). After the first 1,000 m from the edge of the
area source, concertrations decrease very slowly as downwind distance increases. Therefore,
receptor points were placed on 0-, 25-, 50-, 75-, 150-, 500-, and 1,000-m receptor squares
starting from the edge of the source, With 16 receptor points on each square. Appendix D »
presents this sensitivity analysis. For this project, the maximum air concentration of vapors for
the receptors at the 75-m distance from the edge of the source were used.
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Section 4.0 Environmental Fate and Transport Modeling
L Table 4-3. Air Emission Rates at the Landfill and Corresponding Air
B Concentration of Vapors at the Receptor Location
™ ~ :
% 8
Nigeoom

f‘% Constituent CAS —-(g/s-mzz) {ug/m3) | (g/s-m=) (_ug/m3) (g/s-m2) | (ug/m3) | (g/s-m2) | (ug/m3)
L Carbon tetrachloride 56-23-5 505E-08| 0.02751| 5.056-08] 002382| 1.27E-08{ 000692| 1.27E-08| 0.00599
Ethyl ether ‘ 60-29-7 525E-08| 002859, 5.25E-08| 0.02474| 1.326-08| 0.00719| 1.32E-08| 0.00622
f‘“ Methanol 67-56-1 302E-08| 0.01648] 3.90E-08| 0.01842| 7.60E-09| 000414| 9.81E-08] 0.00463
e Acetone 67-64-1 5.94E-08| 0.03239| 6.25E-08] 0.02053| 1.49E-08| 0.00815| 1.576-08| 0.00742
Butanol 71-36-3 1.23E-09| 0.00067| 1.26E-09| 0.00059| 3.09E-10| 0.00017| 3.17E-10| 0.00015
fm Benzene 71-43-2 492E-08| 002680 4.92E-08) 002320 1.24E-08| 0.00674| 1.24E-08] 0.00583
. Trichloroethane, 1,1,1- 71-55-6 5.10E-08| 002780 5.10E-08| 0.02407| 1.28E-08| 0.00699| 1 ‘28E—108 0.00605
. Methylene chloride 75-09-2 6.46E-08| 003521 6.45E-08] 0.03041| 1.62E-08] 0.00885| 1.62E-08] 0.00765
fw& Carbon disulfide 75-15-0 6.47E-08| 0.03524| 6.47E-08| 0.03051| 1.63E-08| 0.00886| 1.63E:08| 0.00767
L. Trichlorofluoromethane 75-69-4 6.34E-08| 0.03458| 6.34E-08| 0.02994| 1.60E-08| 0.00869| 1.50E-08| 0.00753
Dichlorodifiuoromethane 76-71-8 5.33E-08] 002004 5.33E-08| 0.02515| 1.34E-08| 0.00730| 1.34E:08| 0.00632
e Trichloro-1,2,2-trifluoroethane, 1,1,2- |76-13-1 | .6.54E-08| 0.03567| 6.55E-08| 0.03080| 1:65E-08| 0.00897| 1.65E:08| 0.00777
- Isobutyl alcohol 78-83-1 3.03E-00| 000165] 2.96E-08| 0.00139| 7.63B-10| 0.00042| 7.44E-10{ 0.00085
& Methyl ethyl ketorie 78-93-3 3.52E-08| 001918 373E-08| 0.01759| 8.85E-09| 0.00482| 9.37E:09| 0.00442
} Trichloroethane, 1,1,2- 79-00-5 152E-08] 0.00829| 152E-08| 0.00718{ 3'83E-09| 0.00208| 3.83E-09| 0.00181
L Trichloroethylene 7‘9‘-‘01‘-;6 3.00E-08| 001686 3.09E-08| 0.01460| 7,78E-09| 0.00424| 7.78E-09| 0.00367
Fm Nitropropane, 2- * ' 79:46-9 279E-08| 001518| 2.756-08| 0.01300| 7.01E-09| 0.00382| 6.92E-08| 0.00327
L o-Xylene 9547-6 | B61E-09| 0.00469| B.69E-09| 0.00406| 2,16E-09| 000118| 2.18E-09| 0.00102
bt Cresol, o- 95-48-7 6.35E-11] 0.00003] 6.72E-11| 0.00003| 1,60E-11| 0.00001| 1.69E-11| 0.00001
, Dichlorobenzene, 1,2- 95-50-1 5.42E-10| 0,00030| 542E-10| 0.00026| 1 ;.séEf-1 0] 0.00007| 1.36E-10| 0.00006
L. Nitrobenzene 98-95-3 3.28E-10| 0,00018 3.30E-10| 0.00016 “ 0.00004] 8.29E-11| 0.00004
- Ethylbenzene 100-41-4 | 1.13E-08| 000615 1.13E-08| 0.00532| - 2184E-09| 0.00155| 2.85E-09| 0.00134
_ Cresol, p- . - 106-44-5 | 550E-11] 0.00003| 6.18E-11| 0.00003| 1.38E-11] 0.00001| 1.55E-11| 0.00001
fm Methy! isobuty! ketone |108-101 | 1.57€-08| 0.00858 157E-08 0.00737| 3.96E-09| 000216 3.95E-09| 000185
- m-Xylene 108-88-3 | 8.32E-09| 000453| 8.40E-09] 0.00393] 2.09E-09| 0.00114| 211E-09 0.00099
- Cresol, m- : 108-39-4 | 5.59E-11/ q.ooooé 6.46E-11] 0.00003| 1.47E-11 0.00001| 1.62E-11] 0.00001
i ' Tolughe : 108-88-3 | 2.44E-08| 0.01328| 2.44E-08 0.01150 6.13E-09 0.00334 6.13E-08] 0.00289
e Chiofobenzene ' ‘ 108907 | 9.35E-00| 0.00510] 9.36E-00 0.0@442 -12.35E-00| 0.00128| 2.35E-09| 0.00111
i Cycidhexanone 108-94-1 | 1.31E-09| 0.00072 1.30E-09| 0.00061 *B.Sojé-m 0.00018! 3.28E-10| 0.00015
\E Ethoxyethanol, 2- ** 110-80-5 | 1.00E-09| 0.00055| 2.22E-09| 0.00105 2.52E-10| 000014 558E-10| 0.00026
\ Pyridine** ' 110:86-1 | 2.65E:00| 0.00144| 2.68E-09] 0.00126 6.67E-10| 0.00036 6.74E-10| '0.00032
= Tetrachlorosthylene 127184 |la22E.08| 0.02300| 4.22E-08] 0.01992| (1.06E-08| 0.00578| 1.06E-08| 0.00501
;w Ethyl acetate 141-78-6 | 3.39E-08| 0.01850| 3.33E-08| 0.01571| 8.54E-09| 0.00465| 8.37E-08| 0.00395
‘ Xylenes (total) 1330-20-7 | 7.21E-08| 0.00303| 7.23E-09| 0.00340 1.81E-09| 0.00099| 1.82E-09| 0.00086
=
L (continued)
f
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Table 4-3. (continued)

A C a at

Constituent CAS (g/s-m#2) | (ug/m3) [(g/s-m&) | (ug/m3)} |(g/s-m=) | (ug/m3) | (g/s-m=2) | (ug/m3)
Carbon tetrachloride 56-23-5 |3.79E-07] 0.04759|3.79E-07| 0.03857 |9.52E-08| 0.01197| 9.52E-08] 0.00970
Ethyl ether 60-29-7 |3.95E-07| 0.04967|3.94E-07| 0.04013|9.94E-08| 0.01249| 9.91E-08| 0.01009
Methanol 67-56-1 |2.27E-07| 0.02851(2.93E-07| 0.029826.71E-08| 0.00717| 7.36E-08| 0.00750
Acetone |67-64-1  |4.46E-07| 0.05605]4.69E-07| 0.047811.12E-07| 0.01409| 1.18E-07| 0.01202
Butanol ‘ 71-36-3  |9.49E-09| 0.001199.46E-09| 0.00096 |2.39E-09| 0.00030| 2.38E-09| 0.00024
Benzene 171-43-2  [3.69E-07| 0.04640|3.69E-07| 0.03759|9.28E-08| 0.01167| 9.28E-08] 0.00945
Trichloroethane, 1,1,1- 171-55-6  |3.83E-07] 0.04809|3.83E-07| 0.03897|9.62E-08| 0.01209| 9.62E-08| 0.00980
Methylene chloride |75-09-2  |4.85E-07| 0.06096|4.84E-07| 0.04929|1.22E-07| 0.01533| 1.22E-07| 0.01239
Carbon disulfide ‘ . |75-15-0 |a.85E-07] 0.061004.85E-07| 0.04945(1.22E-07 | 0.01534| 1.22E-07] 0.01243
Dichlorodiflucromethane [75-71-8  |4.00E-07| 0.05024|4.00E-07| 0.04072]1.01E-07| 0.01263| 1.01E-07| 0.01024
Trichloro-1,2,2-trifluoroethane, 1,1,2-76-13-1  |4.91E-07| 0.06174|4.91E-07| 0.050051.24E-07| 0.01553| 1.24E-07| 0.01259
Isobutyl alcohol o 78-83-1 |2.30E-08| 0.00289|2.22E-08] 0.00226]5.79E-09| 0.00073| 5.58E-09] 0.00057
Methyl ethyl ketone - 78-93:3 |2.64E-07| 0.03319|2.80E-07] 0.02849|6.64E-08| 0.00834| 7.03E-08| 0.00716
Trichloroethane, 1,1,2- 79-00-5 |1.14E-07| 0.01434|1.14E-07| 0.01163|2.87E-08| 0.00361, 2.87E-08| 0.00292
Trichloroethylene 79-01-6  [2.32E07| 0.02917|2.32E-07| 0.02365 5.84E-08| 0.00734| 5.84E-08| '0.00595
Nitropropane, 2- * 79-46-9 |2.09EL07| 0.02627|2.07E-07] 0.02105|5.26E-08| 0.00661| 5.20E-08| 0100529
o-Xylene . 95-4746 |6.52E-08| 0.00819|6.52E-08] 0.00664|1.64E-08| 0.00206| 1.64E-08| 0.00167
Cresol. o- 95-48:7 |4.81E-10] 0.00006|5.04E-10] 0.000051.21E:10] 0.00002| 1.27E-10] 0.00001
Dichlorobenzene. 1.2- 95-50-1 |4.07E-09| 0.00051[4.07E-09] 0.00041]1.02E-09] 0.00013]. 1.026-08| 0.00010
Nitrobenzene log-95-3 |2.46E-08] 0.00031(2.47E-09} 0.00025[6.18E-10| 0.00008| 6.22E-10| 0.00006
Ethvibenzene 100-41-4 [8.51E-08] 0.01060[8.50E-08| 0.00866 |2.14E-08| 0.00269| 2.14E-08| 0.00218
Cresol; p- - 106-44:5 |4.53E.10] 0.00006|4.64E-10] 0.00005[1.14E-10| 0.00001| 1.17E-10{ 0:00001
Methvi isobutvl ketone 108-10-1 |1.19E-07] 0.01497|1.18E-07] 0.01202|3.00E-08| 0.00376| 2.97E-08| 0.00302
m-Xylene _ 108-333 |6.30E08| 0.007926.30E-08| 0:00642|1.59E-08| 0.00199| 1.58E-08| 0.00161
Toluene 108-86:3 |1.83E-07) 0.02300)1.83E-07| 0.018654.60E-08| 0.00578| 4.60E-08| 0.00469
Chlorobenzene 108-90-7 |7.02E:08| 0.00882|7.02E-08|: 0:00715|1.77E-08| 0.00222| 1.77E-08| 0.00180,
Cyclohexanone ‘ 108-94-1 08| 0.00128 |9.79E-09| 0.00100|2.57E-09| 0.00032| 2.46E-09| 0.00025
Ethoxyethanol, 2- ** 110-80-5 | 0.00095]1.67E-08| 0.00170|1.89E-09| 0.00024| 4.19E-09| 0.00043
Pyridine™ , 110-86-1 98] :0.00252 |2.01E-08| 0.00205|5.03E-09] 0.00063| 5.05E-09 0.00051
Tetrachloroethylene 127-18-4 | 0.03978a.17€-07 | 0:08225|7.96E-08] 0.01001| 7.96E-08| 0.00811
Ethyl acetate " [141-78'6 |p.55E;07| 0.03205|2.50E-07| 0.02545|6.41E-08| 0.00806| 6.28E-08] 0.00640
Xylenes (total) 1330-20-7 |5.42E-08| 0.00682 |5.42E-08] 0.00553|1.36E-08] 0.00171] 1.36E-08] 0.00139
4-8
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Section 4.0 Environmental Fate and Transport Modeling

Table 4-4. Landfill Areas

10th Percentile size 8,094 m?
50th Percentile size 60,705 m?

Source: U.S. EPA, 1988.

In addition, a second scenario has been modeled assuming that daily cover has been
applied after 6 hours instead of the initial assumption of 12 hours. No apprecxable change in risk
was observed. g

Table 4-5 presents data for the relative quantity of mass volatilized 1) from uncovered
waste, 2) through the daily cover, and 3) from the capped cell for an example solvent (xylene).
This comparison demonstrates that the overwhelming proportion of the volatile emissions occur
after application of the daily soil cover and prior to application of the cell cap. For this reason
the length of time the waste is uncovered makes very little difference to the total annual mass of
solvent released into the air and, thus, has little effect on the risk or hazard quotient due to
inhalation of volatiles emitted from the landfill. This is due to the fact that waste is uncovered for
only 12 hours and covered for many days/months/yrs before CAP applied? The trend shown for
in this table is valid for all other solvent constituents, although the exact values may vary
somewhat from those presented for xylene.

Table 4-5. Comparison of the Total Mass of Xylene Volatilized: from
- Uncovered Waste, Through Daily Cover, and from Capped Cells
Over the Maximum Exposure Duration ‘

12 hours 5,999 13,610,467 29,130.21 13,645,596

0.04% 99.74% 0.21%
6 hours 4,242 13,018,970 29,189.96 13,052,402
‘ 0.03% 99.74% 0.22%
Difference 1,757 591,496 -59.8 593,194

4.3 Leaching

The partitioning model described in Section 4.1 estimates leachate concentrations over
time as well as air emissions. In order to be more realistic and to maintain a mass balance within
the landfill, all loss mechanisms are included in the partitioning model. These losses include air
emissions, degradation, and leaching. Leaching is assumed to continue from all cells that contain
waste, even after a cell is capped and the landfill is closed. In fact, maximum leachate
concentrations occur after landfill closure.




Section 4.0 ‘ Environmental Fate and Transport Modeling

The modeled landfill is a Subtitle D municipal landfill that has an earthen cover but no
liner or leachate collection system. The leachate flux through the landfill is the result of
infiltration of ambient precipitation through the landfill cover. For the groundwater pathway
analysis, it is assumed that the landfill has a 30-year operational life. The total amount of
constituent in the landfill available for leaching is the product of annual waste quantity and the
net postvolatilization and degradation constituent concentration in the waste times 30 years. The
30-year time frame is based on the average active lifetime of Municipal Subtitle D landfills (U.s.
EPA, 1988).

The loss of a contaminant due to leaching is estimated by assuming the leachate is in
equilibrium with the waste in the landfill. The leachate concentration is calculated in time steps
over the life of the landfill and for 40 years after closure. A mass balance is maintained in the
landfill over time. The highest 9-year average constituent concentrations estimated in the
leachate are used to calculate the concentrations expected at the groundwater well Jocation. The
leachate concentrations from landfills remain virtually constant although the maximum value
varies from the 9-year average by a maximum factor of 1.11. This difference is small in this
analysis and has not been considered. ‘ : '

First-order degradation rates (and hydrolysis rates, if applicable) are input to the model
from reported literature values or calculated from reported contaminant half-lives. In this case,
the lowest reported contaminant half-lives in soil identified in the literature (Howard et al., 1991)
have been used to calculate an apparent first-order disappearance rate. The overall apparent first-
order disappearance rate is simply the sum of all of the individual first-order rate constants. In
this model, all other losses (volatilization and leaching) are subtracted from this overall first-
order disappearance rate and the remaining portion is assumed to be biodegradation. Thus, losses
due to biodegradation are also included in the mass balance of the landfill system. These half-
lives and the resulting first-order degradation rates for solvent constituents are presented in
Table 4-6. ‘ ‘ ‘

To estimate the concentrations of constituents of potential concern at the location of the
residential drinking water well without performing constituent-specific modeling, a simplistic
approach from the Determination of Groundwater Dilution Attenuation Factors for Fixed Waste
Site Areas Using EPACMTP (U.S. EPA, 1995b) was.used to estimate dilution of the leachate
before it reaches the residential well. For this particular analysis, an EPACMTP analysis that
developed DAFs for use in the Soil Screening Guidance was used to provide “readily available”
DAFs as a function of landfill size. This analysis is documented in Appendix D. The Monte
Carlo analysis provided a distribution of DAFs for several landfill size ranges. The results that
are most appropriate for this analysis are found in Table A-2 (page E-56) of Appendix D and are
displayed graphically in Figure 6 on page E-42 of Appendix D.

These results were developed through Monte Carlo model runs using a nationwide
distribution of aquifer characteristics and well locations and depths (x- and z-coordinates) from
Agency surveys on the distance of residential wells from municipal landfills and data on the
depth of residential drinking water wells, respectively.. The horizontal well position (y-

coordinate) is determined so that the well location falls within the approximate areal extent of the

contaminant plume. The DAFs selected from these runs were used to estimate the leachate
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Section 4.0 Environmental Fate and Transport Modeling
Table 4-6. Soil Degradation Rates
Haif-life Soil degradation rate
Compound CAS (yr) (1/yr)
Carbon tetrachloride 56-23-5 7.0E-01 9.9E-01
Ethyl ether 60-29-7 NA NA
Methanol 67-56-1 3.6E+01 1.9E-02
Acetone 67-64-1 3.6E+01 1.9E-02
Butanol 71-36-3 3.6E+01 1.9E-02
Benzene ‘ 71-43-2 1.6E+01 4.4E-02
1,1,1-Trichloroethane 71-55-6 9.3E-01 7.5E-01
Methylene chloride 75-09-2 9.0E+00 7.7E-02
Carbon disulfide 75-15-0 NA NA
Trichlorofluoromethane 75-69-4 7.0E-01 9.9E-01
1.1.2-Trichloro-1,2,2-trifluoroethane 75-71-8 NA NA
Isobutyl alcohol 76-13-1 3.6E+01 1.9E-02
Methy! ethyl ketone 78-83-1 3.6E+01 1.9E-02
1.1.2-Trichloroethane 78-93-3 6.9E-01 1.0E+00
Trichloroethylene 79-00-5 7.0E-01 9.9E-01
2-Nitropropane ) 79-01-6 1.4E+00 4.9E-01
. 0-Xylene 79-46-9 NA - NA
o-Cresol 95-47-6 8.7E+00 7.9E-02
1,2-Dichlorobenzene 95-48-7 1.4E+00 4.9E-01
‘Nitrobenzene 95-50-1 1.3E+00 5.4E-01
Ethylbenzene 98-95-3 2.5E+01 2.7E-02
p-Cresol 100-41-4 3.8E+02 1.8E-03
Methyl isobutyl ketone 106-44-5 3.6E+01 1.9E-02
m-Xylene 108-10-1 NA NA
m-Cresol - 108-38-3 3.6E+01 1.9E-02
Toluene 108-39-4 1.1E+01 6.0E-02
Chlorobenzene 108-88-3 1.7E+00 4.1E-01
Cyclohexanone 108-90-7 NA NA .
2-Ethoxyethanol 108-94-1 9.0E+00 7.7E-02
Pyridine 110-80-5 3.6E+01 1.9E-02
Tetrachloroethylene 110-86-1 7.0E-01 9.9E-01
Ethyl acetate 127-18-4 3.6E+01 1.9E-02
Cresylic acid 141-78-6 NA NA
Xylenes (total) 1330-20-7 9.0E+00 7.7E-02

NA = Not available.
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concentration. The other parameter influencing this analysis is the surface area of the landfill.
The larger the landfill area, the lower the DAF. These faCths are discussed in Section 3.3.

In developing these DAFs the source area was set to a different but constant value in each
run, the distance to the receptor well was set at a nationwide distribution, and all other
parameters were varied in the Monte Carlo analysis. These variables are presented in Table 3
(page E-28) of Appendix D. Appendix D describes the methodology used to determine these
values. The DAFs selected for use in this analysis are presented in Table 4-6. This method()ldgy
provides a reasonable screening mechanism for potential releases from an unlined municipal
landfill. These results do not include any ]eachate collection or landfill liner systems. The
resulting contaminant concentration in the leachat and the corresponding residential wells are
presented in Table 4-7. If a'more realistic risk from the groundwater pathway is desued a
comprehensive EPACMTP analysis will be requ1red

In this analysis a clay liner and associated leachate collection system that meets the
regulatory requirements of 40 CFR § 258.40 for design criteria for mummpal landfllls These -
criteria include:

(2) With a composite liner, as defined in paragraph (b) of this section and a leachate collection
system that is designed and constructed to maintain less than a 30-cm depth of leachate over the
liner. -

(b) For purposes of this section, composite liner means a system consisting of two components;
the upper component must consist of a minimum 30-mil flexible membrane liner (FML), and the
lower component must consist of at least a two-foot layer of compacted soil with a hydraulic
conductivity of no more than 1x107 cm/sec. - FML components consisting of high density
polyethylene (HDPE) shall be at least 60-mil thick. The FML component must be installed in
direct and uniform contact with the compacted soil component.

The fegu]ations preSénted above, also call for a FML that is at least 30 -mil thick or for
those made of high density polyethylene (HDPE) that is at least 60-mil thick, however, at this
time modeling parameters for FMLs over time have not been established. If this liner is assumed
to remain intact for 10,000 years, infiltration would be reduced to near zero. However, this is not
to the case. Some leaks are known to be presen‘f initially from seam imperfections and others
develop over time, however, no method has been developed to model leaking liners. Theréfore,
the case that is modeled here is for a municipal landfill with 2-foot clay liner installed with a -
leachate collection system that maintains a 30 cm depth of leachate over the liner. This is a
bounding liner condition. In actual practice there will be a FML installed in contact with the clay

liner (which may be thicker than 2 feet) and'the leachate collection system will most hkely keep

the depth of the leachate over the liner to less than 30 cm.

~ Table 4-7. Dlluthn/Attenuatlon Factors (DAFs),
95th Percentile (Nationwide distribution of x-well)

Landfill Area (m?) DAF (unitless)
Central tendency 60,705 11
Small 12,141 27

Source: U.S. EPA, 1995b. Attachment E.
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Section 4.0 Environmental Fate and Transport Modeling

The landfill partitioning model used to estimate emissions and leachate from the landfill
has been modified to include these liner requirements. Equations have been added to estimate
the amount of leachate that would be needed to saturate the liner and the volume of leachate that
would pass through the clay liner once the liner has been saturated. It is assumed that the
remaining liquid collects over the liner to a depth of 30 cm and any excess leachate is discharged
through the leachate collection system. The fraction of organic carbon of the clay liner is
assumed to be very low (HELP model), therefore, only an exceedingly small fraction of the
solvent constituents are adsorbed by the liner. Liner parameters used in the model are presented
in Table 4-8

The addition of the liner does not change the quality or quantity of the potential leachate
generated in the landfill. It only restricts the volume of infiltration that may be released from the
landfill to the groundwater. The reduction in the constituent concentration in the groundwater is,
thus, directly proportional the reduction in the volume of leachate by the liner. The infiltration
rate without the liner is dependent only upon the climate conditions that are associated with the
selected geographical locations. The infiltration rate with the liner and leachate collection system
in place is dependent only upon design criteria (hydraulic conductivity of the liner and allowable
depth of leachate over the liner) of the system. Therefore, the infiltration rate with identical liner
systems is identical regardless of their geographical location. The infiltration rates for each site
both with and without the clay liner and leachate collection system described above are presented
in Table 4-9.

Table 4-8. Liner Parameters Used in Analysis

Linér Parameters Units Value Reference
Depth of Liner cm 60.96 40CFR §258.40
Sat. hydraulic conductivity cm/s 1E-07 40CFR §258.40
Sat. hydraulic conductivity cm/yr 3.15 Calculated
liner parameter alpha 1/cm 0.008 U.S. EPA, 1994
liner parameter beta 1.09 U.S. EPA, 1994
bulk density of liner g/cm3 1.80 U.S. EPA, 1984
total porosity unitless 0.25 U.S. EPA, 1994
fraction organic carbon unitless 0.00667 U.S. EPA, 1994
depth of leachate over liner cm 30 40CFR §258.40

Table 4-9. Infiltration Rates for Landfills With and Without a Liner
and Leachate Collection System

With Liner and

Leachate Collection Ratio of Infiltration
Location Without Liner (cm/yr) (cmlyr) Rates
Lincoln, NE 24.9 4.7 0.19
Houston, TX 39.7 4.7 0.12
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Section 5.0 Receptors and Exposure Pathways

5.0 Receptors and Exposure Pathways

Receptors, for this analysis, are defined as individuals who may be exposed to
constituents released from a municipal landfill. Exposure pathway is a broad term that
encompasses the source, release and transport mechanism(s), exposure points, and exposure
routes (inhalation, ingestion, or dermal contact) and describes where, when, and how a receptor
is exposed. This section discusses the receptors and exposure pathways identified in the
conceptual site exposure mode] (CSEM) (Figure 5-1). :

5.1 Receptors

Receptors evaluated in this risk assessment were selected to defined receptor as an
individual with typical or more probable exposures and individuals with higher exposure

~ potential, including sensitive individuals. The latter are included to ensure that both sensitive

subpopulations and highly exposed individuals are protected. The receptors selected were an
adult farmer and children.

5.1.1 Expoé‘ure Pathways

Exposure pathways are described as direct (direct contact with the contaminated source or
media) or indirect (contact with a secondary defined receptor as an individual source exposed
through contact with contaminated media). This risk assessment includes both direct and indirect
exposure pathways.

Constituents associated with contaminated shop towels and wipers managed in offsite
municipal landfills could be released as vapors to the air or leach to groundwater (Figure 5-1). It
is assumed that erosion and runoff from an operating municipal landfill will be controlled and
that daily cover restricts particulate emissions.

An adﬁ@xlt farmer or child resident living near the landfill could be exposed to
contaminants'by inhaling airborne constituents transported offsite as vapors; ingesting
constituents in groundwater from a drinking water well; or inhaling, or absorbing through the
skin, constituents during household uses of well water (e.g., showering). The model used to
evaluate exposure to groundwater contaminants via showering is described in Appendix D.
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Section 5.0 Receptors and Exposure Pathways

5.2 Exposure Durations and Intake Factors

Exposure duration and intake factors are taken from the Exposure Factor’s Handbook
(U.S. EPA, 1997b). Mean or 50th percentile values were used to represent central tendency
estimates, and recommended high-end values were used in most cases to represent high-end
exposure estimates.

5.2.1 Exposure Duration

Exposure duration refers to the number of years that a receptor is exposed to a
contaminated source and is assumed to correspond to the receptor’s residence time in the same
dwelling. The Exposure Factors Handbook includes descriptive statistics for residence time for a
number of population categories including all households, renters, owners, farms, urban, rural,
age, and region of the country. Exposure durations used in this risk assessment are shown in
Table 5-1. Residence times of 10 years (50th percentile) were used for the adult farmer as
recommended by EPA. The adult farmer exposure duration was chosen because it represents a
conservative estimate. Residence times for the child (7.3 years) were based on averaging 50th
percentile values reported for children at ages 3, 6,9, 12, 15, and 18. Exposure duration is only a

Table 5-1. Exposure Durations

Exposure
duration (yr) Reference
Farmer 10 U.S. EPA, 1997b. Table 15-164.
Child of farmer 7.3 U.S. EPA, 1997b. Table 15-168.

Source: U.S. EPA, 1997b. Table 15-164 “Total Residence Time, t (years),
Corresponding to Selected Values of R(t) by Housing Category” for the farmer;
Table 15-168 “Descriptive Statistics for Both Genders by Current Age” for the
child of farmer.

factor in the estimation of excess cancer risk from constituents because risk is based on the
average lifetime daily exposure. Exposure duration is not a factor for noncarcinogenic
constituents because the hazard quotient (HQ) is based on the average daily dose during
exposure. The baseline risk results presented in this section are based on central tendency
exposure duration.

5.3 Air Pathway
5.3.1 Inhalation Rates

Recommended inhalation values in the Exposure Factors Handbook are reported by age,
seX, activity pattern, and outdoor workers; however, high-end values are lacking in most cases.
The recommended values in the Exposure Factors Handbook are presented in Table 5-2. Inlet
inhalation this analysis we used the inhalation note for children ages 1-3.
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Table 5-2. Summary of Recommended Values for Inhalation

Mean long-term exposures

Population (m®/d)
Infants
<1yr 4.5
Children ‘
1-2 yr 6.8
3-5yr 8.3
6-8 yr 10
9-11 yr
Males 14
Females 13
12-14 yr
Males 15
Females 12
15-18'yr
Males 17
Females 12
- Adults (19-65+ yr) :
Males 15.2
Females 11.3

Based on the key study results (i.e., Layton, 1993).
The values in bold are the values used in the analysis

Inhalation risks are based on the most conservative receptors as defined by dose. Dose is
defined as the intake of contaminant per unit body weight. Based on dose, the most conservative
adult farmer receptor is assumed to be a male 19 to 65+ years (body weight = 70 kg) and the
most conservative child receptor is assumed to be a 0- to 5-year-old (body weight = 14 kg).

5.4 Groundwater Pathways

Groundwater exposure pathways include groundwater ingestion, inhalation of vapors
from household water use, and dermal contact during showering and bathing. This section

presents the exposure assumptions.

54.1 Ingestion of Contaminated Groundwater

The exposure factors used in the ingestion pathway for contaminated groundwater
(Table 5-3) are also recommended values from the Exposure F actors Handbook for the adult
farmer and child. Table 5-3 presents the drinking water intake rates assumed for the risk

assessment.
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Table 5-3. Summary of Recommended Drinking Water Intake Rates

Age group Mean 50th Percentile  90th Percentile  95th Percentile
<1 0.30 - 024 0.65 0.76
- <3 0.61 NA 1.5 NA
3-5 - 0.87 NA 1.5 NA
- 1-10 0.74 0.66 1.3 1.5
11-19 0.97 0.87 1.7 2.0
Adults 1.4 1.3 2.3 NA
Pregnant women 1.2 1.1 2.2 24
Lactating women 1.3 1.3 1.9 2.2

NA = Not available.
The values in bold are the values used in the analysis
Source: U.S. EPA, 1997a.

5.4.2 Noningestion Exposure to Contaminated Groundwater

Noningestion exposures to contaminated groundwater are due to inhalation and dermal
exposures from household use of tap water. The greatest source of this exposure is bathing and
showering. Additional household tap water use is also considered in this risk assessment. The
assumptions used for nongroundwater risk are presented in Table 5-4. In addition to the exposure
factors presented in Table 5:4 the health benchmark values used for dermal exposures have been
calculated based on values available for oral reference dose (RfD) benchmarks. The dermal
permeability and absorption factors used to estimate benchmark values are presented in
Table 5-5. Dermal exposures are estimated only for adults. Data for estimating risks to children
are not readily available. Appendix E presents the complete documentation of this model.
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Table 5-4. Exposure Factors Used to Determine Hazard Quotient from Inhalation

Exposure to Contaminated Tap Water

el

(=)
hiwd

g

e S
U.S. EPA, 1897Db (

Shower duration 10 min Table 15-20) (Represents
time spent showering only) ‘

Time in bathroom (includes shower dura- 40 min U.S. EPA, 1997b (Tables 15-20, 15-23, and

tion, time spent in shower stall after shower- 15-114) (Table 15-114 represents 24-hour

ing, and time spent in bathroom after cumulative time spent in bathroom, which is

leaving shower stall) conservative to assume that all of this time
occurs immediately following the shower)

Shower rate 5.5 L/min

Calculated (based on drop diameter and
nozzle velocity) ‘ ‘

Shower/bath water use

15 gallons per
capita per day
(ged)

U.S. EPA, 1997b (Table 17-14) (Median
value across several studies)

U.S. EPA, 1997b (Table 17-14) (Summation

Bathroom water use 35.5 ged |
of median values for shower, toilet, and one-
half of the other water use rates; RTI
assumed other represents water use in
sinks)

House water use 17.5 ged U.S. EPA, 1997b (Table 17-14) (Summation
of median values for Laundry, Dishwashing,
and one-half of the other water use rates;
RTl assumed other represents water use in
sinks)

Volume of shower stall 2m? |- McKone, 1987

Volume of bathroom 10 m® McKone, 1987

Volume of house 369 m® U.S. EPA, 1997b (Table 17-31)

Volumetric gas exchange rate between 100 L/min | RTl-derived value

shower and bathroom

Volumetric gas exchange rate between 300 L/min RTI-derived value

bathroom and house

Volumetric gas exchange rate between
house and atmosphere

0.45 air changes
per hour (2,768
L/min)

U.S. EPA, 1997b (Table 17-31) (Median
value; given a low overall confidence rating)

Fraction emitted, bathroom 050" Calculated

Fraction emitted, house water 0.66 Calculated

Time toilet emits 40 min/d U.S. EPA, 1997b (Tables 15-20, 15-23, and
15-114) (Table 15-114 represents 24 hour-
cumulative time spent in bathroom, which is
conservative to assume that all of this time
occurs immediately following the shower)

Time house water emits 15.7 h/d U.S. EPA, 1997b (based on cumulative time

spent indoors at a residence, Table 15-131,
minus time spent in bathroom [see above])
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Sectign 6.0 ‘ Risk Results

6.0 Risk Results

The risk results presented in this section are for a single facility disposing of con-
taminated shop towels and wipers in a municipal landfill. All wipers are assumed to weigh an
equal amount and to be contaminated with an equal amount of solvent. This section also
discusses.use of these results for other possible disposal scenarios. Risk assessment results are
presented separately for the air pathway and the groundwater pathway. Benchmarks used to
generate hazard quotients for noncarcinogens and risk estimates for carcinogens are presented in
Table 6-1. -

6.1 Air Pathway Results

The air pathway in this analysis is limited to the inhalation of vapors. Risk assessment
results for the adult and child receptor are presented for each size of landfill (small and central
tendency) and each size of generator (small and large quantity) for each location (Houston,
Texas, and Lincoln, Nebraska).

The inhalation risk results are estimated for all combinations of the following:

e Adults and children
e+ Locations (Houston or Lincoln)
* Landfill sizes (central tendency and small)
e Generator sizes (SQG and LQG)
» Duration daily waste addition is uncovered (6 hr or 12 hr).

The inhalation risk results are presented in Tables 6-3 through 6-10. The estimated risks
are presented for each solvent individually in descending order of risk and are derived assuming
that each facility uses one solvent type exclusively. Inhalation hazard quotients are reported for
noncarcinogens (Tables 6-3a through 6-10a), and inhalation risk is reported for carcinogens
(Tables 6-3b through 6-10b). Results are presented only for receptors 75 m from the edge of the
landfill.

6.2 - Groundwater Pathway Results

The groundwater risk results are presented in Tables 6-11 through 6-18. The risk
estimates are presented for each solvent in descending order of risk and are derived assuming that
each facility uses only one type of solvent. Ingestion hazard quotients are reported for non-
carcinogens (Tables 6-11a through 6-18a), and ingestion risk is reported for carcinogens (Tables
6-11b through 6-18b). Results are presented for receptor wells 25 feet from the edge of the
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landfil], at a national average closest receptor distance, and with a clay liner and leachate
collection system for the national average receptor distance.

The exposure factors used in estimating the inhalation and groundwater risk results for
the farmer and child are presented in Table 6-2. The air emission rates from the landfills and the
air concentrations at the receptor locations used in the risk calculations are presented in Section
4.0, Table 4-3. The leachate concentrations, DAFs and resulting resmentlal well concentrations

are presented in Section 4.0, Table 4-7.

The risks for the noningestion pathways have been calculated using a unit concentration
for the constituent concentration in groundwater. This allows for the development of risk factors
for each segment of the groundwater risk individually. Thus the total risk due-to groundwater
may be calculated by applying these factors to each segment of the risk. Because the risks are
additive and are of similar magnitude, an overall risk factor cannot be developed. The
appropriate risk factors are presented for each constituent in Table 6-19. These risk factors
should be applied to the groundwater concentrations presented in Section 4.0 Table 4-7 to
estimate the noningestion risk for each segment and exposure scenario.
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Table 6-3a. Inhalation Hazard Quotient for Central Tendency Landfill Area }{ |
(Large Quantity Generator-Houston) o
. ‘ 6hr 12hr g"“
Constituent . . CAS - Inhalation Inhalation Inhalation Inhalation ot
3 - - - HQ Adult HQ Child - HQ Adult HQ Child
Chlorobenzene © ¢ 108-90-7 ©©  0.0002 0.0002 . 0.0002 0.0002 i
Pyridine ‘ j - 110-86-1 ' 0.0002 0.0002 0.0002 0.0002 -
Dichlorodifluoromethane - 75718 00001  0.0001 0.0001 - 0.0001 |
Methyl isobutyl ketone ~ 108-10-1 0.00009 0.00009 0.00009 0.00009 {T
Tetrachloroethylene 127-18-4 - 0.00007 0.00007 0.00007 0.00007 b
Nitrobenzene ‘ 98-95-3 0.00005 0.00005 0.00008 0.00008
Carbon disulfide R 75-15-0 0.00@94 0.00004 OW.O_OOO4 0.00004 ™
Trichlorofluoromethane 75-69-4 0.00004‘ 0.00004 0.00004 0.00004 . ém
Toluene ‘ 108-88-3  * 0.00003 . 0.00003 0.00003 0.00003
Trichloroethane, 1,1,1-- - 71-55-6 0.00002 0.00002 0.00002 0.00002 =
Methyl ethyl ketone 78-93-3 0.00002 0.00002 0.00002 0.00002 Lw
Xylenes (total) 1330-20-7 0.00001  0.00001 0.00001 0.00001
Ethylbenzene 100-41-4 0.000005 0.000005 0.000005  0.000005 r
Ethoxyethanol, 2- 110-80-5 0.000005 0.000005  0.000005  0.000005 -
Methanol 67-56-1 0.000001 0.000001  0.000001  0.000001 )
Trichloro-1,2,2-trifluoroethane, 1,1,2- 76-13-1 - 0.000001 0.000001 0.000001 0.000001 F?f
Dichlorobenzene, 1,2- 95-50-1 0.000001 0.000001  0.000001  0.000001 ‘m
" Acetone ’ 67-64-1 0.0000009 0.0000009 0.000001  0.000001
Ethyl ether 60-29-7 NA  NA NA NA Y
Butanol 71-36-3 NA NA NA NA i
Isobutyl alcohol 78-83-1 NA NA NA NA
o-Xylene 95-47-6 NA NA NA NA g‘“
Cresol, o- 95-48-7 NA  NA NA NA M
Cresol, p- 106-44-5 NA NA NA NA
m-Xylene 108-38-3 NA  NA NA NA *ﬁ
Cresol, m- 108-39-4 NA NA NA NA s
Cyclohexanone 108-94-1 NA NA NA NA
Ethyl acetate 141-78-6 NA __ NA NA NA f"‘
NA = Not available -
=
Table 6-3b. Inhalation Risk for Central Tendency Landfill Area L
(Large Quantity Generator-Houston) _
] 6hr 12hr i
Constituent CAS Inhalation Inhalation Inhalation Inhalation
, Risk Adult Risk Child Risk Adult Risk Child P
Nitropropane, 2- A19 79-46-9 3.6E-06 5.6E-06 3.7E-06 5.7E-06 &
Carbon tetrachloride 56-23-5 3.7E-08 5.7E-08 3.7E-08 5.8E-08
Benzene 71-43-2 2.0E-08 3.1E-08 2.0E-08 3.1E-08 =
Trichloroethane, 1,1,2- 79-00-5 1.2E-08 1.8E-08 1.2E-08 1.9E-08 L
Trichloroethylene ‘ 79-01-6 2.5E-09 3.9E-09 2.6E-09 4.0E-09
Methylene chloride 75-09-2 1.5E-09 2.3E-09 1.5E-09 2.3E-09
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Table 6-4a. Inhalation Hazard Quotient for Central Tendency Landfill Area
‘ - (Large Quantity Generator-Lincoln)

6hr 12hr
Constituent CAS Inhalation Inhalation Inhalation Inhalation
HQ Adult HQ Child HQ Adult HQ Child
Chlorobenzene - 108-90-7 0.0002 0.0002 0.0003 0.0003
Pyridine 110-86-1 0.0002 0.0002 0.0002  0.0002
Dichlorodifluoromethane 75-71-8 0.0001 0.0001 0.0001 0.0001
Methyl isobutyl ketone 108-10-1 0.0001  0.0001 0.0001 0.0001
Tetrachloroethylene 127-18-4 0.00008 0.00008 0.00008 0.00008
Nitrobenzene 98-95-3 0.00006 0.00006 0.00009 0.00009
Carbon disulfide 75-15-0 0.00005 0.00005 0.00005 0.00005
Trichlorofluoromethane 75-69-4 . 0.00005 0.00005 0.00005 0.00005
Toluene ‘ 108-88-3 0.00003 0.00003 0.00003 0.00003
Trichloroethane, 1,1,1- 71-55-6 0.00003 0.00003 0.00003 0.00003
Methyl ethyl ketone 78-93-3 0.00002 0.00002 0.00002 0.00002
Xylenes (total) 1330-20-7  0.00001 0.00001  0.00001  0.00001
Ethylbenzene 100-41-4 0.000006 0.000006 0.000006 0.000006
Ethoxyethanol, 2- 110-80-5 0.000003 0.000003 0.000003 0.000003
Methanol 67-56-1 0.000001 0.000001 0.000001  0.000001
Trichloro-1,2,2-triflucroethane, 1,1,2- 76-13-1 0.000001 0.000001 0.000001  0.000001
~ Dichlorcbenzene, 1,2- 95-50-1 0.000001 0.000001 0.000001  0.000001
Acetone 67-64-1 0.000001 0.000001 0.000001 0.000001
Ethyl ether 60-29-7 NA NA NA ‘NA
Butanol, 71-36-3 NA  NA NA NA
Iscbuty! alcohol 78-83-1 NA NA NA NA
o-Xylene 95-47-6 NA NA NA NA
Cresol, o- 95-48-7 NA NA NA NA
Cresol, p- 106-44:5 NA NA NA NA
m-Xylene 108-38-3 NA NA NA NA
Cresol, m- 108-39-4 NA NA NA NA
Cyclohexanone 108-94-1 NA NA NA NA
Ethyl acetate 141-78-6 NA NA NA NA
NA = Not Available.
Table 6-4b. Inhalation Risk for Central Tendency Landfill Area
(Large Quantity Generator-Lincoin)
6hr 12hr
Constituent CAS Inhalation Inhalation Inhalation Inhalation
Risk Adult Risk Child Risk Adult Risk Child
Nitropropane, 2- 79-46-9 42E-06 6.5E-06 .. 4.3E-06 6.6E-06
Carbon tetrachloride 56-23-5 4.2E-08 6.6E-08 4.3E-08 6.7E-08
Benzene 71-43-2 2.3E-08 3.5E-08 2.3E-08 3.6E-08
Trichloroethane, 1,1,2- 79-00-5 1.3E-08 2.1E-08 1.4E-08 2.1E-08
Trichloroethylene 79-01-6 2.9E-09 4.6E-09 3.0E-09 4.6E-09
Methylene chloride 75-09-2 1.7E-09  2.6E-09 1.7E-09 2.7E-09
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Table 6-5a. Inhalation Hazard Quotient for Central Tendency Landfill Area

(Small Quantity Generator-Houston)

6hr 12hr
Constituent CAS Inhalation HQ Inhalation HQ Inhalation HQ Inhalation HQ
Adult Child Adult Child
Chlorobenzene . 108-90-7 - 0.00005 0.00005 0.00006 0.00006
Pyridine 110-86-1 0.00004 0.00004 0.00005 0.00005
Dichlorodiflucromethane - 75-71-8 0.00003 = 0.00003 0.00003 0.00003
Methy! isobutyl ketone 108-10-1 0.00002 0.00002 0.00002 0.00002
Tetrachloroethylene 127-18-4 0.00002 0.00002 0.00002 0.00002
Nitrobenzene 98-95-3 - 0.00001  0.00001 0.00002 0.00002
Carbon disulfide - 75-15-0 0.00001 0.00001 0.00001 0.00001"
Trichlorofluoromethane 75-69-4 0.00001 0.00001 0.00001 0.00001
Toluene 108-88-3 : 0.000007  0.000007 0.000007 0.000007
Trichloroethane, 1,1,1- 71-55-6 - 0.000006 . 0.000006 0.000006 0.000006
Methy! ethyl ketone 78-93-3 0.000004 - 0.000004 0.000004 0.000004
Xylenes (total) 1330-20-7 0.000002  0.000002 0.000002 0.000002
Ethylbenzene 100-41-4 0.000001 0.000001 0.000001 0.000001
Ethoxyethahol,‘2- 110-80-5- 0.000001 0.000001 0.000001 0.000001
Methanol 67-56-1 0.0000004  0.0000004  0.0000004  0.0000004
Trichloro-1,2,2-triflucroethane, 1,1,2-  76-13-1 0.0000003  0.0000003 0.0000003 0.0000003
Dichlorobénzene, 1,2- 95-50-1 0.0000002  0.0000002 0.0000003 0.0000003
Acetone 67-64-1 0.0000002  0.0000002 0.0000002 0.0000002
Ethyl ether 60-29-7 : NA NA NA NA .
Butanol 71-36-3 NA NA NA NA
Isobutyl alcohol 78-83-1 NA ‘NA NA NA
o-Xylene 95-47-6 NA 'NA NA NA
Cresol, o- 95-48-7 NA NA NA NA
Cresol, p- 106-44-5 NA - NA NA NA
m-Xylene 108-38-3 NA NA NA NA
Cresol, m- 108-39-4 NA NA NA NA
Cyclohexanone 108-94-1 NA NA NA NA
Ethyl acetate 141-78-6 NA NA NA NA
NA = Not available
Table 6-5b. Inhalation Risk for Central Tendency Landfill Area
(Small Quantity Generator-Houston)
6hr 12hr

Constituent CAS Inhalation Inhalation Inhalation Inhalation

Risk Adult Risk Child Risk Adult Risk Child
Nitropropane, 2- 79-46-9 9.0E-07  1.4E-06 9.2E-07 1.4E-06
Carbon tetrachloride 56-23-5 9.2E-09 1.4E-08 9.4E-09 1.5E-08
Benzene ' 71-43-2 5.0E-09 7.7E-09 5.0E-09 7.8E-09
Trichloroethane, 1,1,2- 79-00-5 2.9E-09 4.6E-09 3.0E-09 4.7E-09
Trichloroethylene - 79-01-6 6.4E-10 9.9E-10 6.5E-10 1.0E-09
Methylene chloride 75-09g 3.7E-10 5.7E-10 3.7E-10 58E-10
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Risk Results

Table 6-6a. Inhalation Hazard Quotient for Central Tendency Landfill Area

(Small Quantity Generator-Lincoln)

6hr 12hr

Constituent CAS Inhalation Inhalation Inhalation Inhalation

HQ Adult HQChild HQ Adult HQ Child
Chlorobenzene 108-90-7 0.00006 0.00006 0.00006 0.00006
Pyridine 110-86-1 0.00005 0.00005 0.00005 0.00005
Dichlorodifluoromethane 75-71-8 0.00003 0.00003 0.00004 0.00004
Methyl isobutyl ketone 108-10-1 0.00003 0.00003 0.00003 0.00003
Tetrachloroethylene 127-18-4 0.00002 0.00002 0.00002 0.00002-
Nitrobenzene 98-95-3 0.00002 0.00002 0.00002 0.00002
Carbon disulfide 75-15-0 0.00001  0.00001 0.00001 0.00001
Trichlorofluoromethane 75-69-4 0.00001 0.00001 0.00001 0.00001
Toluene 108-88-3 0.000008 0.000008 0.000008 0.000008
Trichloroethane, 1,1,1- 71-55-6 0.000007 0.000007 0.000007 0.000007
Methy! ethyl ketone 78-93-3 0.000005 0.000005 0.000005 0.000005
Xylenes (total) 1330-20-7  0.000002 0.000002 0.000002 0.000002
Ethylbenzene 100-41-4 0.000002 0.000002 0.000002 0.000002
Ethoxyethanol, 2- 110-80-5 0.000001 0.000001  0.000001  0.000001
Methanol 67-56-1 0.0000003 0.0000003 0.0000003 0.0000003
Trichloro-1,2,2-trifluoroethane, 1,1,2- 76-13-1 0.0000003 0.00DOOOS 0.0000003 0.0000003
Dichlgrobenzene, 1,2- ~ 95-50-1 0.0000003 0.0000003 0.0000004 0.0000004
Acetone 67-64-1 0.0000003 0.0000003 0.0000003 0.0000003
Ethyl ether 60-29-7 NA NA NA NA
Butanol 71-36-3 NA NA | NA NA
Isobutyl alcohol 78-83-1 NA NA NA NA
o-Xylene. 95-47-6 NA NA NA NA
Cresol, o- 95-48-7 NA NA NA NA
Cresol, p- 106-44-5 NA NA NA NA
m-Xylene 108-38-3 NA NA NA NA
Cresol, m- 108-39-4 NA NA NA NA
Cyclohexanone 108-94-1 NA NA NA NA
Ethy! acetate 141-78-6 NA NA NA NA
NA = Not available.

Table 6-6b. Inhalation Risk for Central Tendency Landfill Area
(Small Quantity Generator-Lincoln)
6hr 12hr

Constituent CAS Inhalation Inhalation Inhalation Inhalation

Risk Adult Risk Child Risk Adult Risk Child
Nitropropane, 2- ‘ 79-46-9 1.1E-06 1.6E-06 1.1E-06 1.7E-06
Carbon tetrachloride 56-23-5 1.1E-08 1.7E-08 1.1E-08 1.7E-08
Benzene 71-43-2 5.7E-09 8.9E-09 5.8E-09 9.1E-09
Trichloroethane, 1,1,2- 79-00-5 3.4E-09 5.3E-09 3.5E-09 5.4E-09
Trichloroethylene 79-01-6 7.4E-10 1.1E-09 7.5E-10 1.2E-09
Methylene chloride 75-09-2 4.3E-10  6.6E-10 4.3E-10 8.7E-10
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Section 6.0 | Risk Results -
o
Table 6-7a. Inhalation Hazard Quotient for Small Landfill Area A 3
(Large Quantity Generator-Houston)
— B
‘ ehr | 12hr L
Constituent CAS Inhalation Inhalation HQ Inhalation HQ Inhalation HQ
‘ HQ Adult Child Adult Child
Chlorobenzene "~ 108-90-7 0.0003 0.0003 0.0004 0.0004
Pyridine : 110-86-1 0.0003 0.0003 0.0003 0.0003
Dichlorodifluoromethane 75-71-8 0.0002 °  0.0002 0.0002 0.0002 —
Methyl isobutyl ketone 108-10-1 0.0001 0.0001 0.0002 0.0002 4 ‘
Tetrachloroethylene ' 127-18-4 - 0.0001 0.0001 0.0001 0.0001 be
Nitrobenzene : 98-95-3 0.00009 0.00009 0.00013 0.00013
Carbon disulfide 75-15-0. 0.00007 0.00007 0.00007 0.00007 . -~
Trichlorofluoromethane 75-69-4 0.00007 0.00007 0.00007 0.00007 1 |
Toluene S 108-88-3 0.00005 0.00005 0.00005 0.00005
Trichloroethane, 1,1,1- 71-55-6 0.00004 0.00004 0.00004 0.00004 -
Methy! ethyl ketone 78-93-3 0.00003  0.00003 0.00003 0.00003 | i
Xylenes (total) 1330-20-7 0.00001 -~ 0.00001 0.00001 0.00001 i
Ethylbenzene 100-41-4 0.000008  0.000008 0.000009 0.000009
Ethoxyethanol, 2- 110-80-5 '0.000008  0.000008 0.000008 0.000008 1:7
Methanol - ‘ 67-56-1 0.000002  0.000002 0.000002 0.000002 bl
Trichloro-1,2, 2-trifluoroethane, 1,1,2-  76-13-1 0.000002  0.000002 0.000002 0.000002
Dichlorobenzene, 1,2- ) 95-50-1 . -0.000002 0.000002 0.000002 0.000002 f”"
Acetone 67-64-1 0.000002  0.000002 0.000002 0.000002 "
Ethyl ether 60-29-7 NA NA NA NA
- Butanol 71-36-3 NA NA NA NA -
Isobutyl alcohol , 78-83-1 NA NA NA NA L
o-Xylene , 95-47-6 NA NA NA NA N
Cresol, o- 95-48-7 NA - NA NA NA
Cresol, p- 106-44-5 NA NA NA NA .
m-Xylene 108-38-3 NA NA NA NA 'ﬁw
Cresol, m- 108-39-4 NA NA NA NA
Cyclohexanone ‘ 108-94-1 NA NA NA NA e
Ethyl acetate 141-78-6 NA . NA NA NA \EW
NA = Not available.
L
Table 6-7b. Inhalation Risk for Small Landfill Area L
(Large Quantity Generator-Houston) _
6hr 12hr \gm
Constituent ( CAS Inhalation Inhalation Risk Inhalation Inhalation Risk )
‘ Risk Aduit Chiid Risk Adult Child fm
Nitropropane, 2- 79-46-9 5.8E-06 9.0E-06 ~ 5.9E-06 9.2E-06 '
Carbon tetrachloride 56-23-5 5.9E-08 9.2E-08 6.0E-08 9.4E-08
Benzene ' ‘ 71-43-2 3.2E-08 5.0E-08 3.2E-08 5.1E-08" .
Trichloroethane, 1,1,2- 79-00-5 1.9E-08 2.9E-08 1.9E-08 3.0E-08. . gh
Trichloroethylene 79-01-6 4.1E-09 6.4E-09 4.2E-09 6.5E-09 “
Methylene chloride 75-09-2 _  24F-09 _ 3.7E-09 2.4E-09. 3.8E-09 -
L
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Table 6-8a. Inhalation Hazard Quotient for Small Landfill Area
(Large Quantity Generator-Lincoln)

6hr 12hr
Constituent CAS Inhalation Inhalation Inhalation Inhalation
HQ Adult HQChild HQ Adult HQ Child
Chlorobenzene 108-90-7 0.0004 0.0004 0.0004 0.0004
Pyridine 110-86-1 0.0003 0.0003 0.0004 0.0004
Dichlorodifluoromethane 75-71-8 0.0002 0.0002 0.0002 0.0002
Methyl isobutyl ketone 108-10-1 0.0002 0.0002 0.0002 0.0002
Tetrachloroethylene | 127-18-4 0.0001  0.0001 0.0001 0.0001
Nitrobenzene 98-95-3 0.0001 0.0001 0.0002 0.0002
Carbon diSulfide ‘ 75-15-0 0.00008 0.00008 0.00009 0.00009
Trichlorofluoromethane 75-69-4 0.00008 0.00008 0.00009 0.00009
Toluene. 108-88-3 0.00006 0.00006 0.00006 0.00006
Trichloroethane, 1,1,1- 71-55-6 0.00005 0.00005 0.00005 0.00005
Methy! ethyl ketone 78-93-3 0.00003 0.00003 0.00003 0.00003
Xylenes (total) 1330-20-7 0.00002 0.00002 0.00002 0.00002 '
Ethylbenzene 100-41-4 0.00001 0.00001 0.00001 0.00001
Ethoxyethanol, 2- 110-80-5 0.000004 0.000004 0.000005 0.000005
Methanol 67-56-1 0.000002 0.000002 0.000002 0.000002
Trichloro-1,2,2-trifluoroethane, 1,1,2- 76-13-1 0.000002 0.000002 0.000002 0.000002
Dich!oﬁpibenzene, 1,2- 95-50-1 0.000002 0.000002 0.000003 0.000003
Acetone, 67-64-1 0.000002 0.000002 0.000002 0.000002
Ethyl ether 60-29-7 NA NA NA NA
Butanol " 71-36-3 NA NA NA NA
Isobutyl alcohol 78-83-1 NA NA NA NA
o-Xylene. 95-47-6 NA NA NA NA
Cresol, o- 95-48-7 NA NA NA NA
Cresol, p- 106-44-5 NA NA NA NA
m-Xylene . 108-38-3 NA NA NA NA
Cresol, m- 108-39-4 NA NA NA NA
Cyclohexanone 108-94-1 NA NA NA NA
Ethyl acetate 141-78-6 NA NA NA NA
NA = Not available.
Table 6-8b. Inhalation Risk for Small Landfill Area
(Large Quantity Generator-Lincoln)
6hr 12hr

Constituent CAS Inhalation Inhalation Inhalation Inhalation

: Risk Adult Risk Child Risk Adult Risk Child
Nitropropane, 2- 79-46-9 7.2E-06 1.1E-05 7.4E-06 1.1E-05
Carbon tetrachloride 56-23-5 7.3E-08 1.1E-07 7.4E-08 1.2E-07
Benzene 71—43—2 3.9E-08 6.1E-08 4.0E-08 6.2E-08
Trichloroethane, 1,1,2- 79-00-5 2.3E-08 .3.6E-08 2.4E-08 3.7E-08
Trichloroethylene . 79-01-6 5.1E-09 7.9E-09 5.2E-09 8.0E-09
Methylene chloride 75-09-2 2.9E-09 4.6E-09 3.0E-09 4.6E-09
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Table 6-9a. Inhalation Hazard Quotient for Small Landfill Area ’i,,,
(Small Quantity Generator-Houston)
o
6hr 12hr L
Constituent ‘ CAS ' Inhalation - Inhalation Inhalation Inhalation
‘ o | HQ Adult _HQ Child _HQ Adult _ HQ Child ™
Chlorobenzene . ' 108-90-7 0.00009"" 0.00009 0.00009 0.00009 {W
Pyridine : - 110-86-1 ~ 0.00007 0.00007  0.00007  0.00007
Dichlorodifluoromethane - 75-71-8 0.00005 '0.00005  0.00005°  0.00005
Methyl isobutyl ketone = - 108-10-1 0.00004 © 0.00004 0.00004 0.00004
Tetrachloroethylene $127-18-4° 0.00003 0.00003 0.00003 0.00003
Nitrobenzene '98-95-3 0.00002 0.00002 0.00003 0.00003 ™
Carbon disulfide 75-15-0 0.00002 0.00002  0.00002  0.00002 '
Trichlorofluoromethane - 75-69-4 0.00002 0.00002 0.00002 0.00002
Toluene 108-88-3 ° 0.00001 0.00001  0.00001  0.00001 ;
Trichloroethane, 1,1,1- . 71-55-6 0.00001 0.00001  0.00001  0.00001 1
Methyl ethyl ketone - 78-93-3 0.000007 0.000007  0.000007  0.000007 k
Xylenes (total) | ~ 1330-20-7  0.000003 0.000003  0.000003  0.000003 =
EthylbenZene ~ 100-41-4 0.000002 0.000002  0.000002  0.000002 L
Ethoxyethanol, 2- ‘ 110-80-5  0.000002 0.000002  0.000002  0.000002
Methanol R 67-56-1 ' 0.0000006 0.0000006 0.0000006 0.0000006 ™
Trichloro-1,2,2-trifluoroethane, 1,1,2- 76-13-1  0.0000004 0.0000004 0.0000004 0.0000004 ty
Dichlorobenzene, 1,2- 95-50-1  0.0000004 0.0000004 0.0000005 ~0.0000005 *
Acetone 67-64-1  0.0000004 0.0000004 0.0000004 0.0000004 u
Ethyl ether © 60-29-7 NA NA NA NA = i
Butanol 71-36-3 NA  NA NA NA
Isobutyl alcohol 78-83-1 NA = NA NA NA ~
o-Xylene 95-47-6 NA  NA NA NA h
Cresol, o- 95-48-7 NA NA . NA NA
Cresol, p- " 106-44-5 NA  NA NA NA e~
m-Xylene ‘ 108-38-3 NA  NA NA NA L
Cresol, m-  108-39-4 NA NA NA NA
Cyclohexanione 108-94-1 NA NA NA NA —~
Ethyl acetate -~ - 141-78:6 NA __ NA NA NA {
NA = Not available.

i

Table 6-9b. Inhalation Risk for Small Landfill Area

(Small Quantity Génerator-Houston) ~

. 6hr 12hr }L‘“

Constituentf ‘ - CAS  Inhalation Inhalation Inhalation Inhalation .

e ‘ S ‘Risk Adult_Risk Child Risk Adult Risk Child é%

Nitropropane, 2- A16 79469 15E-06 23E-06 1.5E-06  2.3E-06 '

Carbon tetrachloride ‘ ' 56-23-5 15E-08 23E-08  15E-08  2.4E-08 -

Benzene =  71-432 8.0E-09 12E-08  82E-09  1.3E-08 !

Trichloroethane, 1,1,2- =~ 79-00-5 47E-09 7.4E-09  4.9E-09  7.6E-09 =
Trichloroethylene - '79-01-6  1.0E-09 1.6E-09 1.1E-09  1.6E-09
Methylene chloride o - 75-09-2 5.9E-10 9.3E-10 “6.1E-10 9.4E-10
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Table 6-10a. Inhalation Hazard Quotient for Small Landfill Area

(Small Quantity Generator-Lincoln)

6hr 12hr
Constituent CAS Inhalation Inhalation HQ Inhalation Inhalation HQ
HQ Adult Child HQ Adult Child
Chlorobenzene 108-90-7 0.0001 0.0001 0.0001 0.0001
Pyridine 110-86-1 0.00008 0.00008 0.00009 0.00009
Dichlorodiflucromethane 75-71-8 0.00006 0.00006 0.00006 0.00006
Methy! isobutyl ketone 108-10-1 0.00005 0.00005 0.00005 0.00005
Tetrachloroethylene 127-18-4 0.00003 0.00003 0.00003 0.00003
Nitrobenzene 98-95-3 0.00003 0.00003 0.00004 0.00004
Carbon disulfide 75-15-0 0.00002 0.00002 0.00002 0.00002
Trichlorofluoromethane 75-69-4 0.00002 0.00002 0.00002 0.00002
Toluene 108-88-3 0.00001 0.00001 0.00001 0.00001"
Trichloroethane, 1,1,1- 71-55-6 0.00001 0.00001 0.00001 0.00001
Methyl ethyl ketone 78-93-3 0.000008 0.000008 0.000008 0.000008
Xylenes (total)’ 1330-20-7 0.000004 0.000004 0.000004 0.000004
Etﬁylbénzene 100-41-4 0.000003 0.000003 0.000003 0.000003
Ethoxyethanol, 2- 110-80-5 0.000001 0.000001 0.000001 0.000001
Methanol 67-56-1 0.0000005 0.0000005 0.0000006 0.0000006
Trichloro-1,2,2-triflucroethane, 1,1,2-  76-13-1 0.0000005 0.0000005 0.0000005 0.0000005
Dichlorobenzene, 1,2- 95-50-1 0.0000005 0.0000005 0.0000006 0.0000006
Acetone 67-64-1 0.0000004  0.0000004 0.0000005 0.0000005
Ethyl ether 60-29-7 NA NA NA NA
Butanol 71-36-3 NA NA NA NA
Isebutyl alcohol 78-83-1 ) NA NA NA NA
o-Xylene 95-47-6 NA NA NA NA
Cresol, o- 95-48-7 NA NA NA NA
Cresol, p- 106-44-5 NA NA NA NA
m-Xylene 108-38-3 NA NA NA NA
Cresol, m- 108-39-4 NA NA NA NA
Cyclohexanone 108-94-1 NA NA NA NA
[Ethyl acetate 141-78-6 NA NA NA NA
NA = Not available.
Table 6-10b. Inhalation Risk for Small Landfill Area Py

(Small Quantity Generator-Lincoln)

ehr 12hr
Constituent CAS Inhalation Inhalation Risk Inhalation Inhalation Risk
Risk Adult Child Risk Adult Child
Nitropropane, 2- 79-46-9 ~ 1.8E-06 2.8E-06 1.9E-06 ' 2.9E-06
Carbon tetrachloride 56-23-5 1.8E-08 2.9E-08 1.9E-08 2.9E-08
Benzene 71-43-2 9.9E-09 1.5E-08 1.0E-08 1.6E-08
Trichloroethane, 1,1,2- 79-00-5 5.8E-09 9.1E-09 6.0E-09 9.3E-09
Trichloroethylene 79-01-6 1.3E-09 2.0E-09 . 1.3E-09 2.0E-09
Methvlene chloride 75-:09-2 7.4E-10 1.1E-09 7.5E-10 1.2E-09
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Table 6-11a. Drinking Water Ingestion Hazard Quotient for

Central Tendency Landfill Area (Large Quantity Generator-Houston)

National Average X-Well 25 Ft X-Well National Average X-Well
and Liner
12hr . 12hr 12hr
Constituent CAS DW HQ DW HQ DWHQ DWHQ DWHQ DW HQ
Adult Child Aduit Child Adult Child
Pyridine 110-86-1 20 30 138 206 2 4.
Nitrobenzene 98-95-3 1 2 7 14 0.1 0.2
Cresol, p- 106-44-5 0.6 1 4 7 0.07 0.1
Acetone 67-64-1 0.1 0.2 0.7 1 0.01 0.02
Butanol 71-36-3 0.1 0.2 0.7 1 0.01 0.02
Methyl isobutyl ketone 108-10-1 0.1 0.2 0.7 1 0.01 0.02
Ethyl ether 60-29-7 0.05 0.08 03 0.6 0.006 0.01
1sobutyl alcohol 78-83-1 0.05 0.09 0.3 0.6 0.006 0.01
Cresol, m- 108-39-4 0.05 0.08. 0.3 0.6 0.006 0.01
Ethoxyethanol, 2- 110-80-5 0.05 0.08 0.3 0.6 0.0086 0.01
Methanol 67-56-1 0.04 0.06 03 0.4 0.005 0.007
Methyl ethyl ketone 78-93-3 0.03 0.05 0.2 0.3 0.004 0.006
Cresol, 0- 95-48-7 0.03 0.04 0.2 0.3 0.004 0.005
Carbon disulfide 75-15-0 0.02 0.03 0.1 0.2 0.002 0.004
Ethyl acetate 141-78-6 - 0.02 0.03 0.1 0.2 0.002 0.004
Tetrachloroethylene 127-18-4 0.005 0.008 0.03 0.06 0.0006 0.001
Cyclohexanone 108-94-1 0.004 0.006 0.03 0.04 0.0005 0.0007
Chlorobenzene 108-90-7 0.003 0.005 0.02 0.03 0.0004 0.0006
. Ethylbenzene 100-41-4 0.001 0.002 0.01 0.01 0.0001 0.0002
Toluene 108-88-3 0.001 0.002 0.007 0.01 0.0001 0.0002 -
Dichlorodifluoromethane 75-71-8 0.0005 0.0008 0.003 0.006 0.00006 0.0001
Trichloroethane, 1,1,1- 71-55-6 0.0004 0.0006 0.003 0.004 0.00005 0.00007
Trichlorofluoromethane 75-69-4 0.0002 0.0003 0.001 0.002 0.00002 0.00004
Dichlorobenzene, 1,2- 95-50-1 0.0002 0.0003 0.001 0.002 0.00002 0.00004
o-Xylene 95-47-6 0.0001 0.0002 0.001 0.001 0.00001 0.00002
m-Xylene 108-38-3 0.00009 0.0002 0.0006 0.001 0.00001 0.00002
Xylenes (total) 1330-20-7 0.00004 0.00007 0.0003 0.0005  0.000005 0.000008
Trichloro-1.2 2-trifluorgethane, 1,1.2- 76-13-1 0.000004 0.000007 0.00003__0.00005 0.0000005 _ 0.0000008.
Table 6-11b. Drinking Water Ingestion Risk for
Central Tendency Landfill Area (Large Quantity Generator-Houston)
12hr 12hr 12hr
Constituent CAS DW Risk DW Risk DW Risk DW Risk DW Risk DW Risk
Adult Child Adult Child Adult Child
Methylene chloride 75-09-2 © 3.9E-06 4.8E-06 8.3E-05 1.0E-04 4.7E-07 5.8E-Q7
Benzene 71-43-2 3.4E-06 4.2E-06 7.2E-05 B8.8E-05 4.1E-07 5.0E-07
Trichloroefhane, 1,1,2- 79-00-5 1.9E-06' 2.3E-06 3.9E-05 4.8E-05 2.2E-07 2.7E-07
Carbon tetrachloride 56-23-5 6.9E-07 8.4E-07 1.6E-05 1.8E-05 8.3E-08 1.0E-07
Trichloroethylene 79-01-6 7.3E-08 8.9E-08 1.5E-06 1.9E-06 8.7E-09 1.1E-08
Nitropropane, 2- 79-46-9 NA NA NA NA NA NA

NA = Not available.
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Section 6.0 Risk Results

Table 6-12a. Drinking Water Ingestion Hazard Quotient for
Central Tendency Landfill Area (Large Quantity Generator-Lincoln)

National Average X-Well 25 Ft X-Well National Average X-Well
and Liner
12hr
Pyridine CAS DW HQ DW HQ DWHQ DWHQ DWHQ DW HQ
Adult Child Adult Child Adult Child
Pyridine™* ) 110-86-1 4 7 28 48 0.8 1
Nitrobenzene 98-95-3 0.3 0.4 2 3 0.06 0.08
Cresol, p- 106-44-5 0.1 0.2 0.7 1 0.02 0.04
Acetone 67-64-1 0.04 0.06 0.3 0.4 0.01 0.01
Butanol 71-36-3 0.04 0.06 0.3 0.4 0.01 0.01_
Methyl isobutyl ketone 108-10-1 0.03 0.05 0.2 0.3 0.006 0.010
Ethyl ether 60-29-7 0.01 0.02 0.07 0.1 0.002 0.004
Ethokyethanol, 2- 78-83-1 0.01 0.02 0.07 0.1 0.002 0.004
Cresol, m- ' 108-39-4 0.01 0.02 0.07 0.1 0.002 0.004
Ethoxyethanol, 2- ** 110-80-5 0.01 0.02 0.07 0.1 0.002 0.004
Methanol 67-56-1 0.009 0.01 0.06 0.07 0.002 0.002
Methyl ethyl ketone 78-93-3 0.007 0.01 0.05 0.07 0.001 0.002
Cresol, o- ‘ 95-48-7 0.006 0.01 0.04 0.07 0.001 0.002
Carbon disulfide 75-15-0 0.004 0.007 0.03 0.05 0.0008 0.001
Ethyl acetate 141-78-6 0.004 0.007 0.03 0.05 0.0008 0.001
Tétrachloroethylene 127-18-4 0.001 0.002 0.01 0.01 0.0002 0.0004
Cyclohexanone 108-94-1 0.0009 0.002 0.008 0.014 0.0002 0.0004
Chlorobenzene 108-90-7 0.0007 0.001 0.005 0.007 0.0001 0.0002
) Ethylbenzene 100-41-4 0.0004 0.0006 0.003 0.004 0.00008 0.0001
Toluene 108-88-3 0.0003 0.0005 0.002 0.003 0.00006 0.0001
Trichloroethane, 1,1,1- 71-55-6 0.0001 0.0002 0.001 0.001 0.00002 0.00004
Dichlorodifluoromethane 75-71-8 0.0001 0.0002 0.0007 0.001 0.00002 0.00004
Trichlorofluoromethane 75-69-4 0.00005 0.00008 0.0003 0.0006 0.00001 0.00002
Dichlorobenzene, 1,2- 95-50-1 0.00004 0.00007 0.0003 0.0005 0.00001 0.00001
o-Xylene 95-47-6 0.00003 0.00004 0.0002 0.0003 0.000006 0.000008
m-Xylene ' 108-38-3 0.00002 0.00004 0.0001 0.0003 0.000004 0.000008
Xylenes (total) 1330-20-7 0.00001 0.00002 0.00007 0.0001 0.000002 0.000004
Trichldrbii_QJZ—triﬂuoroethangL 1.1.2- 76-13-1 0.000001 0.000002 _0.000007 __0.0000 _0.0000002 _ 0.0000004

Table 6-12b. Drinking Water Ingestion Risk for
Central Tendency Landfill Area (Large Quantity Generator-Lincoln)

‘ 12hr 12hr 12hr
Constituent CAS DW Risk - DW Risk DW Risk Dw DW Risk DW Risk

. Adult Child Adult Risk Adult Child

! Child '
Methylene chloride 75-09-2 1.0E-06 1.2E-06 6.9E-06 8.4E-06 1.9E-07 2.3E-07
Benzene 71-43-2 8.7E-07 1.1E-06 6.0E-06 7.3E-06 1.7E-07 2.0E-07
Trichloroethane, 1,1,2- ‘ 79-00-5 4.7E-07 5.8E-07 3.2E-06 4.0E-06 9.0E-08 1.1E-07
Carbon tetrachloride 56-23-5 1.7E-07 2.1E-07 1.2E-06 1.5E-06 3.3E-08 4.1E-08
Trichloroethylene 79-01-6 1.8E-08 2.2E-08 1.3E-07 1.5E-07 3.5E-09 4.3E-09
Nitropropane, 2- * 79-46-9 NA NA NA NA NA NA

NA = Not available.
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Risk Results

Table 6-13a. Drinking Water Ingestion Hazard Quotient for

Central Tendency Landfill Area (Small Quantity Generator-Houston)

National Average X-

25 Ft X-Well National Average X-
Well Well and Liner
12hr
Constituent CAS DWHQ DWHQ DW HQ DWHQ DWHQ DWHQ
‘ Adult Child Adult Child Adult Child

Pyridine 110-86-1 4 7 28 48 05 0.8
Nitrobenzene 98-95-3 0.3 0.4 2 3 0.04 0.05
Cresol, p- 106-44-5 0.1 0.2 07 1 0.01 0.02
Acetone 67-64-1 0.04 0.06 0.3 0.4 0.005 0.007
Butanol 71-36-3 0.04 0.06 03 0.4 0.005 0.007
Methyl isobutyl ketone 108-10-1 0.03 0.05 0.2 0.3 0.004 0.006
Ethyl ether 60-29-7 0.01 0.02 0.1 0.1 0.001 0.002
Isobutyl alcohol 78-83-1 0.01 0.02 0.07 0.1 0.001 0.002
Cresol, m- 108-39-4 0.01 0.02 0.07 0.1 0.001 0.002
Ethoxyethanol, 2- 110-80-5 0.01 0.02 0.07 0.1 0.001 0.002
Methanol 67-56-1 0.009 0.01 0.06 0.07 0.001 0.001
Methy! ethyl ketone 78-93-3 0.007 0.01 0.05 0.07 0.0008 0.001
Crésal, o- 95-48-7 0.006 0.01 0.04 0.07 0.0007 0.001
Carbon disulfide 75-15-0 0.004 0.007 0.03 0.05 0.0005 0.0008
Ethyl acetate 141-78-6 0.004 0.007 0.03 0.05 0.0005 ~  0.0008
Tetrachloroethylene 127-18-4 0.001 0.002 0.01 0.01 0.0001 0.0002
Cyclohexanone 108-94-1 0.0009 0.002 0.006 0.014 0.0001 0.0002
Chlorobenzene 108-90-7 0.0007 0.001 0.005 0.007  0.00008 0.0001
Ethylbenzene 100-41-4 0.0004 0.0006 0.003 0.004  0.00005  0.00007
Toluene 108-88-3 0.0003 0.0005 0.002 0.003  0.00004  0.00006
Trichloroethane, 1,1,1- 71-55-6 0.0001 0.0002 0.001 0.001  0.00001  0.00002
Dichlorodiflucromethane 75-71-8 0.0001 0.0002 0.0007 0.001  0.00001  0.00002
Trichlorofluoromethane 75-69-4 0.00004  0.00007 0.0003 0.0005 0.000005 0.000008
Dichlorobenzene, 1,2- 95-50-1 0.00004  0.00007 0.0003 0.0005 0.000005 0.000008
o-Xylene ‘ 95-47-6 0.00003  0.00004 0.0002 0.0003 0.000004 0.000005
m-Xylene 108-38-3 0.00002  0.00004 0.0001 0.0003 0.000002  0.000005
Xylenes (total) 1330-20-7 0.00001  0.00002 0.00007 0.0001 0.000001 0.000002
Trichioro: 1,2, 2-trifluoroethane, 1.1.2- _ 76:13:1 0.000001___0.000002___0.000007 __0.00001 _0.0000001 _0.0000002

Table 6-13b. Drinking Water Ingestion Risk for
Central Tendency Landfill Area (Small Quantity Generator-Houston)

12hr 12hr 12hr

Constituent CAS DW Risk DW Risk DW Risk DW Risk DW Risk DW Risk

Adult '~ Child Adult Child Aduit Child
Methylene chloride 75-09-2 9.9E-07  1.2E-06 6.8E-06  8.3E-06 1.2E-07  1.5E-07
Benzene 71-43-2 8.6E-07 - 1.1E-06 59E-06 7.3E-06 1.0E-07  1.3E-07
Trichloroethane, 1,1,2- 79-00-5 47E-07  5.8E-07 32E-06 4.0E-06 57E-08  6.9E-08
Carbon tetrachloride 56-23-5 1.7E-:07  2.1E-07 1.2E-06 1.5E-06 2.1E-08  2.5E-08
Trichloroethylene 79-01-6 1.8E-08  2.2E-08 1.3E-07 1.5E-07 2.2E-09  27E-09
Nitropropane, 2- * 79-46-9 NA NA NA NA NA NA ‘

NA = Not available. -
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Section 6.0

Risk Results

Table 6-14a. Drinking Water Ingestion Hazard Quotient for

Central Tendency Landfill Area (Small Quantity Generator-Lincoln)

National Average X-Well 25 Ft X-Well National Average X-Well
" and Liner
Constituent CAS DWHQ  DWHQ DWHQ DWHQ DWHQ DWHQ
Adult Child Aduit Child Adult Child
Pyridine 110-86-1 4 7 27.5 48.125 0.76 1.33
Nitrobenzene 98:95-3 0.3 0.4 2.0625 275 0.057 0.076
Cresol, p- 106-44-5 0.1 0.2 0.6875 1.375 0.019 0.038
Acetone 67-64-1 0.04 0.06 0.275 0.4125 0.0076 0.0114
Butanol 71-36-3 0.04 0.06 0.275 0.4125 0.0076 0.0114
Methy! isobutyl ketone 108-10-1 0.03 0.05 0.20625  0.34375 0.0057 0.0095
Ethyl ether 60-29-7 0.01 0.02 0.06875 0.1375 0.0019 0.0038
Isobutyl alcohot 78-83-1 0.01 0.02 0.06875 0.1375 0.0019 0.0038
Cresol, m- 108-39-4 0.01 0.02 0.06875 0.1375 0.0019 0.0038
Ethoxyethanol, 2- 110-80-5 0.01 002  0.06875 0.1375 0.0019 0.0038
Methanol ‘ 67-56-1 0.009 0.01 0061875  0.06875  0.00171 0.0019
Methyl ethyl ketone 78-93-3 0.007 0.01 0048125  0.06875  0.00133 0.0019
Cresol, o- 95-48-7 0.006 0.01 0.04125  0.06875  0.00114 0.0019
Carbon disulfide 75-15-0 0.004 0.007 0.0275 0.048125  0.00076 0.00133
Ethyl acetate 141-78-6 0.004 0.007 0.0275 0.048125  0.00076 0.00133
Tetrachloroethylene 127-18-4 0.001 0.002  0.006875  0.01375  0.00019 0.00038
Cyclohexanone 108-94-1 0.0009 0.002 0006188  0.01375 0.000171 0.00038
Chlofobenzene 108-90-7 0.0007 0.001  0.004813 0.006875 0.000133 0.00019
Ethylbenzene 100-41-4 0.0004 0.0006 0.00275 0.004125 0.000076  0.000114
Toluene 108-88-3 0.0003 0.0005  0.002063 0.003438 0.000057  0.000095
* Trichloroethane, 1,1,1- 71-55-6 0.0001 0.0002  0.000688 0.001375 0.000019  0.000038
Dichlorodifiuoromethane 75-71-8 0.0001 0.0002  0.000688 0.001375 0.000019  0.000038
Trichioroflucromethane 75-69-4 0.00005 0.00008  0.000344  0.00055  9.5E-06  1.52E:05
Dichlorobenzene, 1,2- 95-50-1 0.00004 0.00007  0.000275 0000481  7.6E-06  1.33E:05
o-Xylene 95-47-6 0.00003 0.00004  0.000206 0.000275  5.7E-06 7.6E-p6
m-Xylene 108-38-3 0.00002 0.00004  0.000138 0.000275  3.8E-06 7.6E-06
Xylénes (total) ‘ 1330-20-7  0.00001 0.00002  6.88E-05 0.000138  1.9E-06 3.8E,06
Trichloro-1,2.2-trifluoroethane, 1.1,2-  76-13-1 0.000001 0.000002 __ 6.88E-06 _ 1.38E-05  1.9E-07 3 8EL07
% gt
Table 6-14b. Drinking Water Ingestion Risk for
Central Tendency Landfill Area (Small Quantity Generator-Lincoln)
12hr 12hr 12hr
Constituent CAS DW Risk DWRisk DWRisk DWRisk DWRisk DW Risk
Adult Child Adult Child Adult Child
Methylene chioride 75-09-2 1.0E-06 1.2E-06 6.9E-06 84E-06  1.9E-07 2.36-07
Benzene 71-43-2 8.7E-07 1.1E-06 6.0E-06  7.3E-06  1.7E-07 2.0E-07
Trichloroethane, 1,1,2- 79-00-5 4.7E-07 5.8E-07 3.2E-06  4.0E-06  9.0E-08 1.1E-07
Carbon tetrachloride 56-23-5 1.7E-07 21E-07 1.2E-06  1.5E-06  3.3E-08 4.1E-08
Trichloroethylene 79-01-6 1.8E-08 2.2E-08 1.3E-07  1.5E-07  3.5E-09 4.3E-09 -
Nitropropane, 2- 79-46-9 NA NA NA NA NA NA
NA = Not available,
6-17
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Table 6-15a. Drinking Water Ingestion Hazard Quotient for
Small Landfill Area (Large Quantity Generator-Houston)

National Average X-Well

25 Ft X-Well  National Average X-Well

and Liner
12hr 12hr 12hr
Constituent CAS DW HQ DWHQ DWHQ DWHQ DWHQ DW HQ
Adult Child Aduit Child Adult Child
Pyridine 110-86-1 50 90 482 868 6 M
Nitrobenzene 98-95-3 ] 5 29 48 0.4 0.6
Cresol, p- 106-44-5 2 3 19 29 0.24 0.36
Butanol 71-36-3 0.5 0.8 5" 8 0.06 0.10
Acetone ‘ 67-64-1 0.4 0.7 4 7 0.05 0.08
Methyl isobutyl ketone 108-10-1 0.3 0.6 3 6 0.04 0.07
Ethyl ether 60-29-7 0.2 0.3 2 3 0.02 0.04
Isobutyl alcohol 78-83-1 0.2 0.3 2 3 0.02 0.04
Ethoxyethanol, 2- 110-80-5 0.2 0.3 2 3 0.02° 0.04
Methanol 67-56-1 0.1 0.2 1 2 0.01 0.02'
Cresol, m- 108-39-4 0.1 0.2 1 2 0.01 0.02
Methyl ethyl ketone 78-93-3 0.08 01 0.8 1.0 0.010 0.01
Cresol, o- 95-48:7 0.08 0.1 0.8 1.0 0.010 0.01
Carbon disulfide 75-15-0 0.05 0.08 0.5 0.8 0.006 0.010
Ethyl acetate 141-78-6 0.05 0.08 05 0.8 0.006 0.010
Cyclohexanone 108-94-1 0.01 0.02 0.1 0.2 0.001 0.002
Tetrachloroethylene 127-18-4 0.01 0.02 0.1 0.2 0.001 0.002
Chicrobenzene 108-90-7 0.009 0.02 0.1 0.2 0.001 0.002
Ethylbenzene 100-41-4 0.004 0.007 0.04 0.07 0.0005 0.0008
Toluene . 108-88-3 0.003 0.006 0.03 0.06 0.0004 0.0007
Dichlorodiflucromethane 75-71-8 0.002 0.003 0.02 0.03 £.0002 0.0004
Trichloroethane, 1,1,1- 71-55-6 0.001 0.002 0.01 0.02 0.0001 0.0002
Trichlorofluoromethane 75-69-4 0.0005 0.0009 0.005 0.009 0.00006 0.0001
Dichlorobenzene, 1,2 95-50-1 0.0005 0.0008 0.005 0.008 0.00006 0.000096
o-Xylene - 95-47-6 0.0003 0.0005 0.003 0.005 0.00004 0.00006
m-Xylene ' 108-38-3 0.0003 0.0005 0.003 0.005  0.000036 0.00006
Xyléries (total) 1330-20-7 0.0001 0.0002 0.001  .0.002 0.00001 0.00002
Trichloro-1.2 2-trifluoroethane, 1,1.2- 76-13-1 0.00001 0.00002 0.0001___0.0002___ 0.000001 0.000002
Table 6-15b. Drinking Water Ingestion Risk for
Small Landfill Area (Large Quantity Generator-Houston)
12hr 12hr 12hr
Constituent CAS DW Riskk DWRisk DW Risk DW Risk DW Risk  DW Risk
Adult Child *  Adult __ Child Adult Child
Methylene chloride 75209-2 1.2E-05 15E-05  1.2E-04 1.4E-04 1.4E-06 1.8E-06
Benzene ‘ 71:43-2 1.0E-05 1.3E-05  1.0E-04 1.2E-04 1.3E-06 1.5E-06
Trichloroethane, 1,1,2- 79-00-5° 5.7E-06 7.0E-06  5.5E-05 6.7E-05 6.9E-07 8.4E-07
Carbon tetrachloride 56-23:5 2.1E-06 26E-06 2.0E-05 2.5E-05 2.5E-07 3.1E-07
Trichloroethylene 79-01-6 - 2.2E-07 27E-07 2.1E-06 2.6E-06 2.7E-08 3.3E-08
Nitropropane, 2- 79-46-9 NA ‘NA NA NA NA NA

NA = Not available.
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Section 6.0

Risk Results

Table 6-16a. Drinking Water Ingestion Hazard Quotient for

Small Landfill Area (Large Quantity Generator-Lincoln)

National Average X-Well

25 Ft X-Well National Average X-Well

and Liner
12hr
Pyridine CAS DW HQ DW HQ DW HQ DW HQ DW HQ DW HQ
Adult Child Adutt Child Adult Child

Pyridine 110-86-1 2 3 19 29 0.4 0.6
Nitrobenzene 98-95-3 0.1 0.2 1 2 0.02 0.04
Cresol, p- 106-44-5 0.06 0.1 0.6 1.0 0.01 0.02
Butanol 71-36-3 0.02 0.03 0.2. 0.3 0.004 0.006
Acetone 67-64-1 0.01 0.02 0.1 0.2 0.002 0.004
Methyl isobutyl ketone 108-10-1 0.01 0.02 0.1 0.2 0.002 0.004
tsobuty! alcohol 78-83-1 0.006 0.009 0.06 0.09 0.001 0.002
Ethyl ether 60-29-7 0.005 0.009 0.05 0.09 0.001 0.002 .
Ethoxyethanol, 2- 108-39-4 0.005 0.008 0.05 0.08 0.001 0.002
EtHoxyethanol, 2- ** 110-80-5 0.005 0.009 0.05 0.09 0.001 0.002
Methanol ‘ 67-56-1 0.004 0.006 0.04 0.06 0.001 0.001
Methyl ethy! ketone 78-93-3 0.003 0.005 0.03 0.05 0.0006 0.001
Cresol, o- ‘ 95-48-7 0.003 0.004 0.03 0.04 0.0006 0.0008
Carbon disutfide 75-15-0 0.002 0.003 0.02 0.08 0.0004 0.0006
Ethyl'acetate 141-78-6 0.002 0.003 0.02 0.03 0.0004 0.0006
Tetrachloroethylene 127-18-4 0.0005 0.0008 0.005 0.008 0.0001 0.0002 .
Cyclohexanone 108-94-1 0.0004 0.0006 0.004 0.006 0.0001 0.0001
Chlorobenzene 108-90-7 0.0003 0.0005 0.003 0.005 0.0001 0.0001
Ethylbenzene 100-41-4 0.0001 0.0002 0.001 0.002 0.00002  0.00004
Toltene 108-88-3 0.0001 0.0002 0.001 0.002 0.00002  0.00004
Dichlorodifluoromethane 75-71-8 0.00005 0.00009 0.0005 0.0009 0.00001  0.00002
Trichloroethane, 1 RRE 71-55-6 0.00004 0.00007 0.0004 0.0007 0.00001  0.00001
Trichloroflucromethane 75-69-4 0.00002 0.00003 0.0002 * 0.0003  0.000004 0.000006

hlorobenzene, 1,2- 95-50-1 0.00002  0.00003  0.0002 0.0003  0.000004 0.000006

95-47-6 0.00001 0.00002 0.0001 0.0002  0.000002 0.000004

Xyléhe 108-38-3  0.000009 0.00002 0.0001 0.0002  0.000002  0.000004
x)‘h;én s‘f(total) 1330-20-7 0.000004  0.000007  0.00004 0.00007 0.0000008  0.000001
Trichioro-1,.2 2-trifluoroethane. 1,1.2-  76-13-1___ 0.0000004 _0.0000007__ 0.000004 __0.000007 _0.00000008 0.0000001

Table 6-16b. Drinking Water Ingestion Risk for
Small Landfill Area (Large Quantity Generator-Lincoln)

12hr 12hr 12hr
Constituent CAS ‘DW Risk DW Risk DW Risk DW Risk DW Risk DW Risk
Aduit Child Adult Child Adult Child

Methylene chloride 75-09-2 4.1E-07 5.0E-07 3.9E-06 4.8E-06 7.8E-08 9.5E-08
Benzene 71-43-2 3.5E-07 4.3E-07 3.4E-06 4.2E-06 6.7E-08 8.2E-08
Trichloroethane, 1,1,2- 79-00-56 1.9E-07 2.3E-07 1.9E-06 2.3E-06 3.7E-08 4.5E-08
Carbon tetrachloride 56-23-5 7.1E-08 8.7E-08 6.9E-07 8.4E-07 1.4E-08 1.7E-08
Nitropropane, 2- 79-01-6 7.5E-09 9.1E-09 7.2E-08 8.8E-08 1.4E-09 1.7E-09
Nitropropane, 2- * 79-46-9 NA NA NA NA NA NA
NA = Not available.
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Table 6-17a. Drinking Water Ingestion Hazard Quotient for
Small Landfill Area (Small Quantity Generator-Houston)

NA = Not Available.

National Average X-Well 25 Ft X-Well National Average X-Weli
‘ and Liner
‘ 12hr .
Constituent CAS DWHQ DWHQ DWHG DWHQ DWHQ DW HQ
Adult Child Adult Child Adult Child -
Pyridine** 110-86-1 10 20 96 193 1 2
Nitrobenzene 98-95-3 0.8 1 8 10 0.1 0.1
Cresol, p- 106-44-5 0.4 0.7 4 7 0.05 0.08
Acetone 67-64-1 0.1 0.2 1 2 0.01 0.02
Butanol 71-36-3 0.1 0.2 1 2 0.01 0.02
Methyl isobutyl ketone 108-10-1 0.08 0.1 0.8 1.0 0.01 0.01
Ethyl ether 60-29-7 0.04 0.06 0.4 0.6 0.005 0.007
Isobuty! alcohol 78-83-1 0.04 0.07 0.4 07 0.005 0.008
Cresol, m- 108-39-4 0.04 0.06 0.4 0.6 0.005 0.007
Ethoxyethanol, 2- ** 110-80-5 0.04 0.06 0.4 0.6 0.005 0.007
Methanol 67-56-1 0.03 0.05 0.3 0.5 0.004 0.006
Methyl ethyl ketone 78-93-3 0.02 0.03 0.2 0.3 0.002 0.004
Cresol, o- 95-48-7 0.02 0.03 0.2 0.3 0.002 0.004
Carbon disulfide 75-15-0 0.01 0.02 0.1 0.2 0.001 0.002
Ethyl acetate 141-78-6 0.01 0.02 0.1 0.2 0.001 0.002
Tetrachloroethylene 127-18-4 0.004 '0.006 0.04 0.06 0.0005 00007
Cyclohexanone 108-94-1 0.003 0.005 0.03 0.05 0.0004 0. OQOG
Chlorobenzene 108-90-7 0.002 0.004 0.02 0.04 0.0002 ot ‘
- Ethylbenzene 100-41-4 0.001 0.002 0.01 0.02 0.0001
Toluene 108-88-3 0.0009 0.001 0.009  0.010 0.0001  0.0p01
Dichlorodifluoromethane 75:71-8 0.0004 0.0006 0.004 0.006 0.00005 0.00007
Trichloroethane, 1,1,1- 71-65-6 0.0003 0.0005 0.003 0.005 0.00004 0.00006
Trichlorofluoromethane 75-69-4 0.0001 0.0002 0.001 0.002 0.00001 00009?
Dichldrobenzene, 1,2- 95-50-1 0.0001 0.0002 0.001 0.002 0.00001 )02
o-Xylene ' 95-47-6 0.00008 0.0001 0.001 0.001 0.00001  0.00001
m-Xylene 108-38-3 0.00007 0.0001 0.0007.  0.0010  0.000008  0.000012
Xylenes (total) 1330-20-7  0.00003  0.00005 0.0003  0.0005  0.000004  0.000006
Trichloro-1,2.2-trifluoroethane, 1,1.2- __ 76-13-1 0.000003 ___0.000005 __ 0.00003 _0.00005 __0.0000004 __0.0000006
Table 6-17b. Drinking Water Ingestion Risk for
Small Landfill Area (Small Quantity Generator-Houston)
12hr 12hr 12hr
Constituent CAS DW Risk DWRisk DW Risk DW Risk DWRisk  DW Risk
' Adult Child Adult Child Adult Child

Methylene chloride 75-09-2 3.0E-06 ~ 3.7E-06 2.9E-05 3.6E-05 3.6E-07 4.4E-07
Benzene 71-43-2 2.6E-06 32E-06 25E-05 3.1E-05 3.2E-07 3.9E-07
Trichloroethane, 1,1,2- - 79-00-5 1.4E-06 1.8E-06 = 1.4E-05 1.7E-056  4.7E-07  2.1E-07
Carbon tetrachloride 56-23-5 53E-07 - 65E-07 5.1E-06 6.3E-06 6.4E-08 7.8E-08
Trichloroethylene 79-01-6 5.6E-08 6.8E-08  5.4E-07 6.6E-07 6.7E-09 8.2E-09
Nitropropane, 2- * 79-46-9 NA NA NA NA NA NA
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Section 6.0 Risk Results

Table 6-18a. Drinking Water Ingestion Hazard Quotient for
Small Landfill Area (Small Quantity Generator-Lincoln)

National Average X-Well 25 Ft X-Well National Average X-Well

and Liner
12hr ‘
Pyridine CAS DW HQ DW HQ DW HQ DW HQ DW HQ ‘DW HQ
Adult Child Adult Child Adult Child
Pyridine™* 110-86-1 20 | 3.0 19 29 04 0.6
Nitrobenzene ‘ 98-95-3 . 01 0.2 1 2 0.02 0.04
Cresol, p- . 106-44-5 0.1 0.1 o1 1 0.01 0.02
Butanol 71-36-3 0.02 0.03 0.2 0.3 0.004 0.006
Acetone 67-64-1 0.01 0.02 0.1 0.2 0.002- 0.004
Methyl isobuty! ketone 108-10-1 0.01 0.02 0.1 0.2 0.002 0.004
Isobuty! alcohol 78-83-1 0.01 0.01 0.1 0.1 0.001" 0.002
Ethoxyethanol, 2- 60-29-7 0.005 0.009 0.05 0.09 0.001 . 0.002
Cresol, m- 108-39-4 0.005 0.008 0.05 0.08 0.001 0.002
Ethoxyethanol, 2- ** 110-80-5 0.005 0.009 - 0.05 0.09 0.001 0.002
Methanol 67-56-1 . 0.004 0.006 0.04 0.06 0.0008 0.001
Methyl ethyl ketone 78-93-3 0.003 0.005 0.03 0.05 0.0006 0.0010
Cresol, o- 95-48-7 0.003 0.004 0.03 0.04 0.00086 0.0008
Carbon disulfide 75-15-0 0.002 0.003 0.02 0.03 0.0004 0.0006
Ethyl acetate 141-78-6 0.002 0.0083 - 0.02 0.03 © 0.0004 0.0006
Tetrachloroethylene 127-18-4 0.001 0.001 0.005 0.008 0.0001 0.0002
Cyclohexanone .. 108-94-1 0.0004 0.0006 0.004 0.006 0.00008 0.0001
. Chlorobenzene 108-90-7 0.0003 0.0005 0.003 0.005 0.00006 0.0001
Ethylbenzene 100-41-4 0.0001 0.0002 0.001 0.002 0.00002  0.00004
Toluene ) 108-88-3 0.0001 0.0002 0.001 0.002 0.00002 0.00004
Dichlorodifluoromethane 75-71-8 0.0001 0.0001 0.0005 0.0009 0.00001 0.00002
Trichloroethane, 1,1,1- 71-55-6 0.00004 0.00007 0.0004 0.0007 0.000008 0.000013
Trichloroflucromethane 75-69-4 ©0.00002 0.00003 0.0002 0.0003 0.000004 0.000006
Dichlorobenzene, 1,2- 95-50-1 0.00002 0.00003 0.0002 0.0003 0.00b004 0.000006
o-Xylene 95-47-6 0.00001 0.00002 0.0001 0.0002 0.000002 0.000004
m-Xylene 108-38-3 0.00001 0.00002 0.0001 0.0002 0.000002 . 0.000004
Xylenes (total) 1330-20-7 0.000004 0.000007 0.00004 0.00007  0.0000008 0.000001

Trichloro-1.2 2-trifluoroethane, 1,1.2-  76-13-1 0.0000004 _0.0000007 _ 0.000004 _ 0.000007 0.00000008  0.0000001

Table 6-18b. Drinking Water Ingestion Risk for
Small Landfill Area (Small Quantity Generator-Lincoln)

12hr 12hr 12hr
Constituent ‘ CAS DW Risk DW Risk DW Risk DW Risk DW Risk DW Risk
Adult Child Adult Child Adult Child

Methylene chloride ‘ 75-09-2 4.1E-07 5.0E-07 3.9E-06 4 8E-06 7.8E-08 9.5E-08
Benzene 71-43-2 3.5E-07 4.3E-07 3:4E-06 4.2E-06 6.7E-08 ' 8.2E-08
Trichloroethane, 1,1,2- 79-00-5 1.9E-07 2.3E-07 1.9E-06 2.3E-06 3.7E-08 - 4 5E-08
Carbon’ tetrachloride 56-23-5 7.1E-08 8.7E-08 6.9E-07 8.4E-07 1.4E-08 1.7E-08
Trichloroethylene 79-01-6 7.5E-09 9.1E-09 7.2E-08 8.8E-08 1.4E-09 1.7E-09
Nitropropane, 2- 79-46-9 NA NA NA NA NA NA

NA = Not available.
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Section 6.0 Risk Results

6.3 Postmodeling Risk Result Estimates

The risk results in this report represent a single facility which disposes a fixed number of
wipes each day contaminated with a single solvent. This is not the way things are in the reality.
Several facilities may dispose of various numbers of wipes contaminated with the same or
different solvents in.a single landfill. In order to estimate the risks from these more realistic
scenarios the following method may be used. The risk estimations at a particular meteorologic
location, landfill surface area, and fixed distance from the source are linear with respect to
concentration in the landfill. For example, if the quantity of solvent on an individual wiper is
assumed to be halved, the risk results are assumed to be halved as well, all other factors
remaining constant. In order to adjust risk-based changes in some assumptions, these parameters
must be assumed to be flxed in the risk adJustment calculation: :

. Geographic location (Houston or Lincoln)

e Area of landfill (8,090 m? or 60,700 m?)

» Distance to receptor (75 m—air pathway, nationwide distribution to well
(102m)—groundwater pathway). '

If the previous assumptions are fixed, the following assumptions are linear factors and
may be varied either singly or'in groups. The factors that are hnear in the air and groundwater
pathway include

] Weight of wipers (10.48 g each)

» Number of wipers per facility (30/SQG or 120/LQG)

¢ Number of facilities disposing in a single landfill (1 facility)

. Quantity of solvent assumed on each wipe (10.48 g = weight of wiper)

» Exposure duration for carcinogenic I‘lSkS (does not apply to hazard quotient) (farmer
10 yr, child 7.3 yr)

Any of the factors enumerated above may be varied individually or together to reflect waste
minimization efforts, multiple facilities disposing of wastes in a single landfill, and/or Variable
exposure durations for receptors

6.3.1 Air Pathway Risks

Air pathway risks may be assumed to be linear and, as long as the maximum air concen-
tration of vapors 75 m from a small or central tendency size landfill in Houston or Lincoln is
considered to be the receptor the linear parameters may be varied to produce a revised risk
estimate.
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6.3.2 Groundwater Pathway Risks

Groundwater risks have been estimated for both the ingestion and noningestion pathways.
Any adjustment to the risk estimates must be performed for each pathway independently and the
total risk summed at the completion of the estimation. Each pathway is addressed in the
followmg sections.. :

6.3.2.1 Ingestlon of Drmkmg Water Pathway

The I‘lSk assoc1ated w1th the 1ngest1on of contarmnated drinking water is very similar to
the inhalation risk estimations. The groundwater ingestion risk estimations at a particular
meteorologic location, landfill surface area, and fixed distance from the source are linear with
respect to concentration in the landfill. The ingestion of groundwater pathway risks may be
assumed to be linear and, as long as the receptor well is located at the same distance from a small
or central tendency size landfill in Houston or Lincoln, the linear parameters may be varied to |
produce a revised risk estimate.

6.3.2.2 Noningestion Exposure to Contaminated Tap Water

The same parameters listed in the previous sections are assumed fixed and linear in these
risk adjustment calculations also. The difference in the risk adjustment for these pathways is that
each exposure must be adjusted independently and the risks summed after the adjustment. The
adjustment to the risk may not be made to the total risk for the noningestion pathways. This
means the inhalation risk must be adjusted individually for exposures in the following:

¢ Shower
¢ Bathroom
¢ Rest of the house.

Dermal exposures during bathing or showering, must be adjusted independently as well.

The risk from each exposure pathway is assumed linear in the same way as the
groundwater ingestion pathway and each pathway may be adjusted. The groundwater
noningestion risk estimations at a particular meteorologic location, landfill surface area, and
fixed distance from the source are linear with respect to concentration in-the landfill. The risks
may be assumed to be linear and, as long as the receptor well is located at the same distance from
a small or central tendency size landfill in Houston or Lincoln, the linear parameters may be
varied to produce a revised risk estimate (see Table 6-19). :

6.4 Conclusions

The methodology presented in this section allows for the estimation of risk for a variety
of waste disposal scenarios. Using the data generated for this risk assessment, one may address
multiple management options for numerous types of wipers and shop towels. The use of different
types of wipers can be reflected by adjusting the weight of the wiper and the quantity of solvent
associated with that wiper. The number of wipers managed by a single facility may also be
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Section 6.0 , Risk Results

adjusted either independently or together with the type of wiper. For example, a facility may
generate fewer but heavier contaminated wipers that may contain an equal quantity of solvent.
One may consider a scenario that reduces the quantity of solvent on each wiper by half or more
through waste minimization efforts (e.g., centrifugation). In addition, one of the most likely
scenarios is the disposal of wipers containing the same solvent by more than one facility in the
same landfill. This may be readily addressed by this methodology.

6.5 Remaining Issues and Uncertainties

The remaining issues and uncertainties in this risk analysis include the simplifying
assumptions used in this analysis. In performing this deterministic analysis, geographic locations
were restricted to two sites that were thought to be high end and central tendency based on
combined air and groundwater risk. However, previous risk assessment experience has shown
that geographic location is not an especially sensitive parameter. A location that is extremely
high for air emissions and dispersion (Phoenix) has no potential for leaching. Landfill sizes are
confined to 10th and 50th percentile areas, which may or may not be appropriate for a high end
for the groundwater pathway. For the groundwater pathway, the larger landfills frequently are
high end because of lower estimated DAFs. One way to determine the appropriate high-end risks
that considers all parameters is to perform a quantitative uncertainty analysis using a Monte
Carlo approach. For the groundwater risk this could include a Monte Carlo analysis using the
EPACMTP model. These procedures would be useful to quantify the uncertainty in the analysis;

. however, the estimates in this document are not outside the distribution of risks expected from a

Monte Carlo analysis of these scenarios.
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Landfill Partitioning Model

A simple spreadsheet calculation model was used to determine the contaminant loss from
a landfill due to degradation, volatilization, and leaching (run-off losses were assumed to be
zero). The model assumes linear partitioning, first order rate losses, and uses a finite difference
(numerical) integration approach to solve the mass balance equations. The model evaluates .
contaminant losses over three separate condmons The first condition is the daily waste addition
in which the waste is in direct contact with the atmosphere. The second condition is the active
landfill cell in which the waste is covered by a thin “daily” cover. The third condition is the -
closed landfill cell in which the waste is covered by a thick landfill cap. The model tracks the
average annual soil concentration and sums and tracks both the annual emissions and leachmg
rates for the user specified active life of the landfill (annual waste application) followed by 40

. years of inactive use (i.e., closed landfill).

The model 1s limited in that it does not consider concentration profiles within the landfill
and it does not allow for differences in the permeability (density, void fraction, and organic
content) within or between the waste layer, the daily cover, and the landfill cap (i.e., the waste
and waste covers are assumed to have the same transport propertles by the model).

Model Theory
Equilibrium Partitioning
The total concentration of contaminant in the soil can be expressed as the sum of the

masses of contaminant adsorbed on the soil or waste particles, dissolved in the llqu1d and in the
air spaces divided by the total mass of contammated soil as follows:

CT':Cs"'ew va/pb"'eaca/pb ey

where '

C; = total contaminant concentration in landfill (mg/kg = g/Mg)

C, = concentration of contammant adsorbed on soil (mg/kg = g/Mg)

0, = water-filled soil porosity (m? Watel/m soil)

C,, = concentration of contaminant in 11qu1d (ng/em’ = g/m®)

pp = soil dry bulk density (g/cm =Mg/m?)

0, = air-filled soil porosity (mSmr/m3soﬂ)

C,= concentratlon of contammant in a1r (ng/cm® = g/m3)

The adsorbed contaminant concentration is assumed to be hnearly related to the hquld
phase concentration as follows:
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Cs = Kd Cw ’ (2)

where

K4= soil-water partition coefficient (cm®/g = m3/Mg) K foc for organic compounds
K, = soil organic carbon partition coefficient (cm*/g)

f,. = organic carbon content of soil (g/g).. .

The contaminant concentration in the vapor phase is assumed to be linearly related to the
liquid phase concentration as follows:

c,=HC, , ‘ (3
where , ‘ . ‘ . ‘
H' = dimensionless Henry’s Law constant =41 x H
H= Henry"s Law.constant at25.°C (atm:m3,/mol).

Equatlons 2 and 3 assume linear equ111br1um partltlonmg between athe adsorbed
contaminant, the dissolved contammant and the volatilized contaminant., Combmlng Equations 1,
2,and 3 ylelds ‘ : ~

Cr=C,[1+6/Kspyp) +0, HIKppl @)

The total contaminant concentration, Cr, represents the measured soil concentration.
However, it is the adsorbed soil concentration that is needed to calculate the equilibrium liquid
and air contaminant concentratlons (Equatlons 2 and 3). Equatlon 4 can be rearranged to
calculate the adsorbed soil contammant concentration given the total contaminant concentration
as follows:

C - Cr Ky P : 5
s (deb+ew+eaHi)- ) (5)

Overall Mass Balance and Contalniﬁani Halffltfe

For a constant volume system assummg first- order rate loss mechanisms, the mass
balance can be expressed as:

(5CT / 60 - (kapp air T k app, leach + kapp runoff + kapp bio + k app, hyd) CT o ()

where , -

Kapp,air = the apparent f1rst order rate constant for volatlhzatlon llsec ‘

app.leach = the apparent first order rate constant for’ leachmg, 1/sec.,.

Kapp,runotf = the apparent first order rate constant for rain run-off, 1/sec
Kapp,bio = the apparent first order rate constant for blodegradatlon 1/sec
apphyd = the apparent | ﬁrst order rate constant for hydrolysis, 1/sec
t= time, sec.
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For small enough time steps (time steps in Wh]Ch CT changes only a few percent), Equation 6 can
be approximated as follows:

(Ms,t-mt Mst )/ (At) - (kapp air t +k app.leach + kapp,runoff + kapp,bio + kapp,hyd) Ms,t (7)
or
aMoe = aMyie + 8Mgpep + AM st + aMy;o + A:Mhyd ' (&)
where x
ct+.,t = mass of contaminant in soil at time t+at, g
M, = mass of contaminant in soil at time t, g

at = time step of ca]culatlon sec
aM,,, = total mass of contammant removed from soil over time step, g = M - M 4t
aM,;, = mass of contaminant lost over time step due to volatilization, g
M., = mass of contaminant lost over time step due to leaching, g
M, = mass of contaminant lost over time step due to run-off, g
aMy;, = mass of contaminant lost over time step due to biodegradation, g

aMy 4= mass of contaminant lost over time step due to hydrolysis, g.

Due to the simplified nature of the numerical integration used, any number of competing loss
mechanisms can be included in the model as each of the loss mechanisms can be evaluated
separately and then summed together. The overall apparent first order disappearance rate is
simply the sum of all of the individual first order rate constants.

k k, +k

app,éverall app,alr app,leach + kapp runoff T 1(alpp,blo + kapp hyd - &)

Unfortunately, there are few controlled biodegradation rate studies that actually measure
biodegradation rates while accounting for competing removal mechanisms. What is typically
reported in the literature is a contaminant disappearance rate (or half-life) in soil, which includes
losses via volatilization, leaching and hydrolysis as well as biodegradation. That is, data for
Kapp,overall aT€ generally more prevalent than data specifically for Kapp bio- AS a result, the model
first calculates ki, eran from the soil half life and then integrates Equation 6 to calculate the
total mass lost from the system as follows:

ANItot = Ms,t [1 -exp(- kapp,overall at)]. (10)

The mass lost by each loss mechanism is then calculated, and aMy;, + sMy, 4 is calculated by
difference. If aM,, as calculated by Equation 10 is less than aM,; + aM ., + AM_ -« then
Equation 8 is used to calculate aMy;, + aM, 4 by difference.

Mass Lost Via Volatilization

The primary mechanism of contaminant loss to the atmosphere is the diffusion of
volatilized contaminant to the soil surface. During periods of evaporation, the flux of water vapor

enhances contaminant transport to the soil surface. Consequently, the total contaminant flux to
the atmosphere is:

A-3
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Jairg =13

where )
Jyore = contaminant flux to the atmosphere due to diffusion, g/m?-s -
Jevaptr = contaminant flux to the atmosphere due to evaporative transport, g/m?s.

As both leaching and enhanced volatilization due to evaporation losses were being
modeled, the Jury model (Jury et al., 1983) was not used directly, as this solution, to be
consistent with the model derivation, should calculate Vi, based on the overall water flux, which
would be a Vi term based on the infiltration rate. Instead, the losses were segregated d1ffus1onal
volatile Josses were estimated for Vg = 0, léachinglossés estlmated assuming equilibrium -
concentration in the infiltrate, and the increased volatilization losses due to periods of
evaporation were estimated using a the terms from the Jury model solution that were primarily
attributable to convective contaminant flux. This solution is an ‘estimation methodology, but for

small time steps, the solutlon is accurate as compared to the more complete set of Jury model
equations. ' I S

Emissions With No Soil Co"ver o
Assuming that there is no soil cover and no stagnant boundary air layer at the ground

surface, and no net water flux (VE =0), the Jury et al (1990) 51mp11ﬁed f1n1te source model for
diffusional volatilization can be wntten as:

;- |00, % | [ -a 12
= _ - ex
R U A o0aD, 1
where E
D, = apparent diffusivity (cm?/sec)
n= 3.14 ‘
t= time (sec) - o
d; = depth of umform soil’ contannnatlon at t=0, ice. depth of daily addition (m),
and
1o i "
D -l 6‘3' Di::HI.+’ ngDw ‘ (13)
A" T a :
n® (py Kd " 8, + 6, H)
where
n=total soil porosity (Lyq ,3011) 1- (pb/ps)
p,= soil particle density (g/cm )
« D;= diffusivity in air (cm?/sec)
D, = diffusivity in water (cmzlsec)
A-4
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As discussed in Jury et al. (1984), volatilization with evaporation is a complex problem, but
evaporation always increased the overall volatilization rate. Jury et al. (1984) presents an equation
for the convection of contaminants caused by the flux of water in the soil. The convective

~volatilization flux caused by evaporation is then calculated by isolating the first half of the overall

volatilization flux equation (Jury et al., 1983), which is the primary term for convective transport.
The other terms are nearly identical to Equation 12, and approach Equation 12 in the limits of small
time or small convective velocity. The evaporative flux was therefore estimated as follows:

Vet (100 d, + V. 0
Jevapmt =12 C, p, (001 V) |e — ~erfc ” (14)
4D, 4D,
where
Vg = evaporative convective velocity (cm/sec)
erfc(x) = complementary error function;
and
Ve = £ 15
E " | (365x24x3600) x (p, K, + 6 + 6, H) {15
where
E = average annual evaporation rate (cm/yr).
[Note: the minus sign is introduced because upward movement is in the negative direction.]
The total mass loss to the air can be calculated as follows:
AI\/Iair = (J evaptr,t +J vol,t )(AM)' - (1 6)

where

A = area of contaminant source, m2.

Emissions With Soil Cover

Jury et al. (1990) also provided simplified equations for the volatilization flux for a
contaminated soil (waste) layer buried below a clean layer of soil. This method basically is to
evaluate the contaminant flux for the depth of the system (contaminated layer + cover), then
subtract out the flux attributable to the top layer (i.e., the flux assuming contaminant is present
only in the cap). The volatilization contaminant flux for buried waste is then:

| 0.01 D,|* ~d> ~d_ +d2)]
= C A exp cover - exp cover 5 (17)
ok T 0.04 D, 1 004 D, ¢t )

Tt
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where
deover = depth of daily soil cover or landfill cap, m

Using the same rationale, the evaporative contaminant flux is equal to the contaminant

flux assuming the entire system contains contaminant and subtracting out the emissions
attributable to the top»\soﬂ layer. The evaporatlve contaminant flux is then:

e cover VEI 'f loo(dcaver+ds)+VEI
(4 D, v* : (4 D, p*

(18)

evaptr,t

Lo = V2Cp p,(0.01V)

Mass Lost Via Leaching

The mass flux loss of a contaminant due to leaching is estlmated by assummg the leachate
is in equilibrium with the soil (i.e., Equation 2 applies).

;. Cip 001V
leach,t (pb Kd + ‘ew N ea H)

(19)

where
Jieach = contaminant flux in leachate at time t, g/m>-s

VI: = (P+1-R-E)/(365 x 24 x 3600] = leachate rate (cm/sec)
P = annual average precipitation rate (crn/yr)
I= annual average irrigation rate (cm/yr)
R = annual average runoff rate (cm/yr).

In the same fashion that the air fluxes were converted a mass loss, the leaching flux rate
can be converted to a mass loss as follows ‘

My, =0 leach,t)(AAt)- (20)

Model Application for Landfill

The waste added to the landfill is assumed to be homogeneous and temporally consistent.
One landfill cell is assumed to be filled per year. The user inputs the annual waste quantity and
the contaminant concentration of the waste of interest, the waste density, the dimensions of the
entire landfill, and the life expectancy of (i.e., number of cells in) the landfill. From this
information, the dilution effect of the waste added to the landfill can be calculated. For example,
the average contaminant concentration of a daily waste addition is calculated as follows:
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Cwaste X Qwasre]

C - dai l)'

Po X Aguity X Dygiry

daily

where
C concentration of contaminant in waste (mg/kg = g/Mg)
waste = annual waste disposal rate (Mg/yr)
Ngaiy = number of daily additions per year
Agaity = area of a daily waste addition, m?
dgai1y = depth of a daily waste addition, m.

waste —

The landfill partitioning model equations are applied in three distinct compartments or
time periods. These are: the daily waste addition in which the waste is in direct contact with the
atmosphere; the active landfill cell in which the waste is covered by a thin “daily” cover; and the
closed landfill cell in which the waste is covered by a thick landfill cap.

Losses from the uncovered daily waste addition are calculated for a user specified time
(model runs were made using an uncovered duration of 12 hours). The dimensions of the daily
waste addition is specified by the number of operating days and the number of “layers” used to
fill the landfill cell. It was assumed that a daily waste addition was 2.5 feet deep and that there
were 350 operating days per year. The amount of contaminant lost during the uncovered duration
is calculated and the total contaminant concentration remaining in the waste is calculated as the
starting concentration for the covered daily waste addition.

Losses from the covered daily addition are calculated over the time period when the waste
is first covered until another daily addition is added on top of the waste. It is assumed that the
entire first layer of the landfill cell is filled with sequential daily additions, then the second layer
is filled in the same order as the first layer, and so on. Once waste is added on top of a daily
addition “daily cell”, it is assumed that the losses from that “daily cell” are minimal. Assuming
that there are six waste layers, the time of exposure (i.e., time before more waste is added on top
of the waste) for a given daily cell is, on average, 365/6 or 61 days. The total amount of
contaminant emitted and leached over the 61 days is estimated by the model for a given daily
quantity by adding losses from 12 hours of uncovered waste to the losses calculated for the
covered daily cell. It is assumed that all daily waste additions have the same contaminant losses,
so that the emissions and leaching estimates from one daily cell can be multiplied by the number
of daily additions (350 operating days) to yield annual amounts of contaminant emitted and
leached from the aetive landfill cell. The total amount of contaminant remaining in the landfill is

also calculated to estimate the average starting contaminant concentration for the closed (capped)
landfill cell.

The annual losses from a single capped landfill cell (closed landfill) are estimated over a
100 year period and then used to project the annual losses for the entire landfill. During the active
life of the landfill, there is always one active landfill cell. However, the number of closed landfill
cells increases sequentially until the entire landfill is filled. For example, in Year 1, there are

A-7
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losses from an active landfill cell only (estimated from the daily waste additions). In Year 2,
there are losses from an active landfill cell plus losses from the first year of the closed landfill
cell simulation. In Year 3, there are losses from an active landfill cell plus both the first year
losses of a closed landfill cell (the cell capped at end of Year 2) and the second year losses from a
closed landfill cell (the cell capped at end of Year 1), and so on. In this manner, the annual losses
from the entire landfill can be simulated from the annual losses of an active cell and a single
capped cell. At the end of the active life of the landfill, emissions are projected from only the
closed landfill simulation. That is, for a landfill with a 20- -year life (20 cells), the losses projected
for Year 21 are the sum of the annual losses for the closed landfill cell for Years 1 through Year
20, inclusive. The losses projected for Year 22 are the sum of the annual losses for the closed
landfill cell for Years 2 through Year 21, and so on. . :
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Appendix B
Dispersion Modeling

- Dispersion describes the transport of chemical emissions through the air to a receptor. In
this risk analysis, dispersion modeling was used to estimate air concentrations associated with a
unit emission (1 pg/m -s) (unitized air concentrations, or UACs) at a variety of potential receptor
locations. The following sections discuss model selection, the critical parameters of the model,
and the model results or UACs.

B.1 Model Seleetion

A number of dispersion models are available on the EPA Support Center for Regulatory
Air Models (SCRAM) Bulletin Board (http://www.epa.gov/scram001/). These dispersion
models were developed for a variety of applications and each has its own strengths and
weaknesses This analysis required a model with the capability to model dispersion of vapors
and particulates from landfills, land application units, wastepiles, and tanks to receptors both on-
and offsite for chronic, subchronic, and acute averaging times. Therefore, a dispersion model
was needed that could model (1) area sources; (2) ground-level and elevated sources; (3) onsite
and offsite impacts; (4) vapors and pamculates and (5) annual, monthly, and dally averagmg

. tlmes

- Five models were considered for this analysis:

. Industrial Source Complex - Short Term v.3 (ISCST3) - U.S. EPA, 1995 _
. Industrial Source Complex - Long Term v.3 (ISCLT3) - U.S. EPA, 1995
. Toxic Modeling System - Short Term (TOXST) - U.S. EPA, 1994c - -
e  Fugitive Dust Model (FDM) - U.S. EPA, 1992 -
e COMPDEP - U.S. EPA, 1990.

Table B-1 summarizes the capabilities of these commonly used air dispersion models
with respect to the requirements of this analysis. The ISCST3 (U.S. EPA, 1995) was selected for -
all aspects of this analysis because it met all the criteria. This model, however, has considerable
run times, which limited the number of meteorological stations included in this analysis.

B.2 Cri‘ti’cal Parémeters

This section discusses the critical parameters of the selected model, ISCST3, and the
results of sensitivity analyses performed to investigate several of the model parameters. Results
of the sensitivity analyses are presented in Appendix F of Air Characteristic Study, Volume II,
Technical Background Document (U.S. EPA, 1998).

- B-1
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Table B-1. Air Dispersion Model Capabilities

. Grot ‘Conie apot“‘Particyl
ISCST3 v v oo v v v v v v
ISCLT3 v v v v v v
TOXST v v S v v v oo
'FDM v o v v v v v
COMPDEP oy v v v v v

*Minimum height of source for modeling is.0.5‘meters. -

B.2.1 General Assumptions

This section discusses depletion,.
rural vs. urban, and terrain assumptions.-- -

B.2.1.1 Depletion. Air

concentrations can be calculated in ISCST3

with or without wet and dry depletion.

Modeled concentrations without depletions |:e
are higher than those with-depletions. A. . - |.

sensitivity analysis was conducted that
showed that the differences in the
maximum concentrations with depletion
and without depletion are small at close-to-
source receptors, increasing only slightly as
the distance from the source increases. The
sensitivity analysis also shows that the run
time for calculating concentrations using
the ISCST3 model with depletion options
is 15 to 30 times longer than the run time
without depletions for the 5th and 95th-
percentile of the sizes of land application -
units. (The difference is. greater for larger

Assumptions Made for Dispersion Modeling

Dry‘ and wet depletion options were not activated in
the dispersion modeling,

_The rural option was used in the dispersion modeling

since the types of WMU s being assessed are

‘ typi‘callyq in nonurban areas.

Flat terrain was assumed.

~An area Source was modeled for all WMUs.

To minimize error due to site orientation, a square

* drea source with sides parallel to X- and Y- axes was

rpodeled.

Receptor boints were placed on 0, 25, 50, 75, 150,
-+ .500, and 1,000 m receptor squares starting from the

edge of the source with 16 receptor points on each

_square.

Modeling was conducted usmg a unit emlssmn rate
of 1 ug/s-m

sources; see sensitivity analysis in Appendix of U.S. EPA 1998.) Therefore, concentratlons
were calculated without depletions in this analysis so that a greater number of meteorolog1ca1

locations could be modeled in the time available.

B.2.1.2 Rural vs. Urban. ISCST3 may be run in rural or urban mode, depending on

land use within a 3-km radius from the source. These modes differ with respect to wind profile
exponent and potential temperature gradients. Unless the site is located in a heavily metropolitan
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area, the rural option is generally more appropriate. Because the types of WMUs being assessed
are typically in nonurban areas, the rural option was used in this analysis.

B.2.1.3 Terrain. Flat terrain for both the source and the surrounding area was assumed
in the modeling analysis for two reasons: (1) ISCST3 models all area sources as flat, and (2)
complex terrain simulations in the surrounding area result in air concentrations that are highly
dependent upon site-specific topography. 'A specific WMU'’s location in relation to a hill or
valley produces results that would not be applicable to other locations. Complex terrain
applications are extremely site-specific; therefore, model calculations from one particular
complex terrain location cannot be applied to another. Conversely, 31mu1at10ns from flat terrain
produce values that are more universally applicable.

B.2.2 Meteorological Stations and Data

Meteorological data at over 200 meteorological stations in the United States are available
on the SCRAM Bulletin Board (http://www.epa.gov/scram001) and from a number of other
sources. A set of 29 meteorological stations selected in an assessment for EPA’s Superfund
program Soil Screening Levels (SSLs) (EQM, 1993) as being representative of the nine general
climate regions of the continental United States was used in this analysis.

In EPA’s SSL study, it was determined that 29 meteorological stations would be a
sufficient sample to represent the population of 200 meteorological stations and predict mean
dispersion values with a high (95 percent) degree of confidence. The 29 meteorological stations
were distributed among nine climate regions based on meteorological representativeness and
variability across each region. ‘

These climate regions were:

¢ North Pacific Coastal o Northwest Mountains e Midwest
¢ South Pacific Coastal e (Central Plains e Northern Atlanti¢

. Southwest ‘ * Southeast * South Florida.
Large-scale regional average conditions were used to select the actual stations (EQM, 1993).

The 29 meteorological stations are listed in Table B-2. To assign each Industrial D
facility to a meteorological station, EPA used a Geographic Information System (GIS) to
construct Thiessen polygons around each station that enclose the areas closest to each station.
The boundaries of these areas were then adjusted to ensure that each boundary encloses an area
that is most similar in meteorological conditions to those measured at the meteorological station.
To assist in this process, a GIS coverage of Bailey’s ecoregion divisions and provinces (Bailey et
al., 1994) was used to conflate the boundaries to correspond to physiographic features likely to
influence climate or boundaries corresponding to changes in temperature or precxpltatlon :
General wind regimes were also considered in the conflation process.

Key factors c;onsidered in the conﬂation p‘rocess include: deﬁning coastal regimes as
narrow polygons, which generally stretched about 25 to 50 miles inland, to capture regions

B-3
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Table B-2. Meteorological Stations Used in the Air Characteristic Study

Albuquerque

Atlanta- GA 13874 . 33 39 84 25
Bismarck ND 24011 . 46 46 100 45
Boise 1)) 24131 - 43 34 116 13
Casper wY 24089 . . 42 55 106 28
Charleston sC 13880 32 54 80 2
Chicago IL 94846 41 59 87 54
Cleveland OH 14820 41 25 81 52
Denver co 23062 39 46 104 52
Fresno CA 93193 36 46 119 43
Harrisburg PA 14751 40 13 76 51
Hartford cr 14740 41 56 72 41
Houston TX 12960" 29 ° 58 95 21
Huntington - - wv 03860 38 22 82 33
Las Vegas NV 23169 36 - 5 115 10
Lincoln NE 14939 40 51 9 45
Little Rock AR 13963 34 44 92 14
Los Angeles: - CA 23174 33 56 118 24
Miami - FL 12839 25 49 80 17
Minneapolis MN 14922 44 53 193 13
Philadelphia. PA 13739 39. 53 75 15
Phoenix AZ 23183 33 26 112, 1
Portland ME 14764 43 39 70 19
Raleigh-Durham NC 13722 35 52 78 47
Salem OR 24232 44 55 123 0
Salt Lake City uT 24127 40 47 111 57
San Francisco CA 23234 37 37 122 23
Seattle WA 24233 47 27 122 18
Winnemucca NV 24128 40 - 54 117 48

Source; EQM (1993).
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dominated by coastal climate effects; mamtalnmg tropxcal/subtroplcal and arid/semiarid d1v1smns
in the southwestern United States; and using the ecoregion boundaries in Washington, Oregon, -
and California to separate the more humid marine/redwood or Mediterranean mountain regimes
from the deserts to the east. In general, Thiessen polygons were used to deﬁne the-
meteorological station areas for the remainder of the country.

Based on facility locations derived from Industrial D survey data, the Industrial D sites
were then overlaid on the GIS coverage of the conflated mieteorological boundaries and
meteorological station assignments were then exported for use in the modeling exercise. Four
sites in Alaska and four in Hawaii were deleted from the analysis at this point because the 29
meteorological stations are limited to the contmental United States. Figure B-1'shows the final
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Appendi)t B

meteorological station boundaries used for the study along with the locations. of the Industrial D
facility sites.

The modeling analysis was conducted
using 5 years of representative meteorological
data from each of the 29 meteorological

Shape of Wind Rose for
29 Meteorological Stations

stations.. Five-year wind roses representing the Shape of Wind Rose - No. of Stations
frequency of wind directions and windspeeds Narrowly distributed - . 10
for the 29 meteorological stations were Moderately dlstl’lbuted | 4
analyzed. These show that the 29 L Evenly distributed .~ . o 6
meteorological stations represent a varlety of 'f"f.BlmodalIy dlstrlbuted 9

wind patterns and are presented in Append1x F .-}
of U.S. EPA, 1998. o

- Win dlrectlon and wmdspeed are typlcally the

Meteorological Data for most xmportant meteorologlcal inputs for dispersion
the ISCST3 Model : modehng analy51s ‘Wind. d1rect10n determines the
without Depletion

. direction of the greatest impacts. Wmdspeed is

Wind Direction (or Flow Vector) “inversely :‘proportlonal to ground-level air

Windspeed . @ l‘concentt f1ons SO thiat the lower the wmdspeed the
Ambient Temperature ?jhlgher the air concentratwn ' : ¥
Stability Class . =~ pE e ‘. 3
Mixing Height L Mlxmg helght deterrmnes the helghts to Wthh

‘ ollutants can be diffused vertically. Stab1]1ty class is
. also anlmportant factor in detenmmng the rate of lateral

lower centerlme concentrat1on

B.2.3 Smir‘cér Release Parameters

ﬁ

! ‘\r

detenmmng dlspers1on coefficients of air pollutants The results show that the: dlffCI‘ ces in
unitized dir concentration between the square area source and the two rectangular aréa sources
are less than the differences between the two rectangular sources. In add1t10n a square area
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Appendix B

source has the least amount of impact on orientation. Because information on source shapes or
orientations is not available, a square source was chosen to minimize the errors caused by source
shapes and orientations. (See sensitivity analysis in Appendix F of U.S. EPA, 1998, for details.)

B.2.3.3 Source Areas Modeled. In the modeling analysis, five types of WMUSs were
considered (i.e., landfill, land application unit, wastepile, aerated tank, and storage tank).
Because the ISCST3 model is sensitive to the size of the area source, the relationship between air
concentrations and size of the area source was analyzed. As illustrated in Figure B-2, the results
show that, for relatlvely small area sources, air concentrations increase significantly as the size of
the area source increases.. For large area sources, this increase in air concentrations is not as
significant. .

In order to address this model sensitivity, yet avoid modeling approximately 2,000
separate WMUs, EPA developed area strata that represented the distribution of the surface area
for each of the WMU types., Landfills and land application units were modeled as ground-level
area sources, while wastepiles and tanks were treated as elevated area sources. Separate area
strata were developed for ground-level and elevated sources. In addition, separate areas were
modeled for tanks, because these were based on model units, rather than the Industrial D Survey
database. Fourteen area strata were selected for landfills and land application units, seven for
wastepiles, and two for tanks. The median area size for each stratum was used in the dispersion.
modeling analysis. Tables B-3, B-4, and B 5 present the source areas and helghts used in the
modeling analysis. ‘ \

This provided a set of UAC:s for use in the analysis. For any specific WMU, a UAC was
then estimated using an interpolation routine that used the UACs associated with modeled areas
immediately above and below the actual area of the unit. The interpolation routine provides a
technique for minimizing the number of ISCST3 runs required for a WMU while also
minimizing the error associated with the difference between the UAC:s for preselected ¢ areas and
the UAC for the actual area of the WMU. The mterpolatlon is described in more detail in U.S.
EPA (1998). :

B.2.4 Receptors

The ISCST3 model allows the user to specify receptors with Cartesian receptor grid
and/or polar receptor grid. In general, Cartesian receptors are used for near-source receptors and
polar grid receptors for more distant receptors. The number of receptors modeled greatly impacts
run time. However, if too few receptors are modeled, the location of peak concentration may be
missed. A sensitivity analysis was conducted to determine receptor locations and spacings that
would provide adequate resolution without modeling an excessive number of receptors. (See
Appendix F of U.S. EPA, 1998, for details.) The results of the sensitivity analysis show that the
maximum concentrations are generally higher for a dense receptor grid (i.e., 64 or 32 receptors
on each square) than for a scattered receptor grid (i.e., 16 receptors on each square). However,
the differences of the maximum receptor concentrations are not significant between a dense and a.
scattered receptor grid. Therefore, 16 evenly spaced receptor points on each square were used in
the modeling. The sensitivity analysis also shows that the maximum downwind concentrations
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. Air Concentrations vs. Surface Area
" % (Landfills)

—*— Little Rock
—&— Los Angeles

Air Conce.ntratiohs
(ug/m3 / ug/s—mz)

b T = T . T .

0 - 400000 800,000 1200000 1,600,000

Surface Area (mz)

‘ W”Airytdncentréﬁ(;nsx vs Surface Aféa
(2m High Waste Piles)

IR i
+

—— Little Rock ||
—=—Los Angeles || -

(ug/m’ / ug/s-md)

Air Concentrations

A OA . I, ] B T ) T - T ) T .
0 20000 40,000 . 60,000 80,000 - 100,000

Surface Area (m?)

Note: ﬁérge#tk area; rﬁode]é& for each WMU type have been. omitted from the chart io‘improve clarity. . o

Figure B-2. Air concentration vs. size of area source.
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=
Table B-3. Areas Modeled for Landfills and
- Land Application Units
w © "SourceArea(m?) " " Source Height (n
~ 81 0
' 567
‘ 1,551 0
. 4,047 0
e 12,546 0
~ 40,500 0
- 78,957 0
o 161,880 0
L 243,000 0
376,776 0
-
| 607,000 0
) 906,528 0
~ 1,408,356 0
- 8,090,000 0
- Table B-4. Areas and Source Heights Modeled for Wastepiles
?‘@"‘\
20 2 5
162 2 5
486 2 5
o
‘ 2,100 2 5
10,100 2 5
- 101,000 2 5
b 1,300,000 2 5
=
-
b
Table B-5. Areas Modeled for Aerated and Storage Tanks
e
FEn
“ 430 e 3.7
R
- B-9
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Appendix B

decrease sharply from the edge of the area source to about 1,000 meters from the source. After
the first 1,000 meters from the edge of the area source, concentrations decrease very slowly as the
downwind distance increases. Therefore, for annual average concentrations, the receptor points
were placed on 0, 25, 50, 75, 150, 500, and 1,000 meter receptor squares starting from the edge
of the source, with 16 receptor points on each square. The first receptor square (i.e., 0 meter) is
at the edge of the unit. For monthly and daily averaging periods used in the subchronic and acute
assessment, the receptors were placed on 0, 25, 50, and 75 meter receptor squares.

B.3 Unitized Air Concentrations

Unitized air concentrations (UACs) were calculated by runnmg ISCST3 with a unit
emission rate (i.e., 1 ug/m>-s). The selected areas for each type of WMU were modeled with 29
 representative meteorological locations in the continental United States to estimate UACs. The
S-year average UAC:s at all receptor points were calculated for the long-term or chronic exposure
scenario. They were used as inputs to the Monte Carlo analysis and as input to the interpolation
routine discussed above.

A similar methodology and assumptions were used to model dispersion for acute and sub-
chronic exposures. Since the ISCST3 model uses hourly meteorological data, the outputs from
the model can be used to develop any averaging times equal to or greater than 1 hour. One set of
ISCST3 runs (for the 21 areas and 29 meteorological stations) was done for both acute and
subchronic, resulting in 5 years of hourly average concentrations at each receptor. For each area,
meteorological location, and receptor location, the maximum air concentration for any 24-hour
period over the 5 years was selected. Then, for each area and meteorological station, the
maximum 24-hour air concentration amon g ‘all'receptor Jocations at each distance modeled was
selected, and this was used as the UAC for that area and meteorological-station for acute
exposure. The same method was used to’ determme the subchronic UAC, except that the
maximum 30-day period over the 5 years was used instead of the maximum 24-hour period. It
was assumed that the greatest risk of acute exposure would be closest to the site; therefore, the
receptors points were placed at 0, 25, 50, and 75 meters from the edge of the WMU, with 16
equally spaced directions at each distance. ' '

The maximum annual average UACs are presented in Tables B-6 through B-8 for the
different types of WMUs. Typically, the location of maximum impacts with respect to the source
are determined by the prevailing wind direction. For ground-level area sources (i.e., landfills and
land application units), maximum annual average UACs are always located on the first receptor
square (i.e., 0-m receptors or onsite receptors). For elevated area sources, the maximum annual
average UACs are usually located on the first receptor square and occasionally located on the
second or third receptor square. Theresults in Tables B-6 through B-8 show that the annual
average UACs increase with the increasing area size of the sources.,

Figures B-3 through B-6 Show that maximum UACs Qary with meteérological location.
For landfills and land application units, the maximum UACs at some meteorological locations
can be twice as much as those at other locations. For wastepiles and tanks, the maximum UACs
at some meteorological locations are more than tw1ce those at other meteorologlcal locations.
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Appendix B

Table B-8. Maximum Annual Average Unitized Air
Concentrations (ug/m*/ug/s-m?) for Aerated and Storage Tanks

Albuquerque, NM
Atlanta, GA
Bismarck, ND
Boise, ID

Casper, wY
Charleston, SC
Chicago, IL
Cleveland, OH
Denver, CO
Fresnp,‘ CA
Harrisburg, PA
Hartford, CT
Houston, TX
Huntington, WV
Las Vegas, NV
Lincoln, NE
Little Rock, AR

Los Angg:'lves, CA

Miami, FL
Minneapolis, MN
Philadelphia, PA
Phoenix, AZ '
Portland, ME

Raleigh-Durham, NC

Salem, OR

Salt Lake City, UT, -

San Francisco, CA’

Seattle, WA

Winnemucca, NV

23050
13874
24011
24131

24089
13880
04846
14820
23062

93193

14751

14740

12960
3860
23169
14939
‘139%3

24174

12839

+14922

:13739

23183
1764

24232

24127

23234
24233
24128

0.00286
0.00333
0.00245
0.00519
0.00425
0.00257
0.00248
0.00408
0.00383
0.00652

.0.00378

0.00462
0.00321

0.00403

0.00265
0.00336

0.00272,

0.00779
0.00328
0.00235
0.00350
0.00506
0.00317
0.00302

0.00532

0.00465
0.00543
0.00594
0.00282

0.04652
0.06414
0.04142
0.09329

- 0.08087

0.04466
0.04656
0.07670
0.06834

012357
- 0.06610

0.07620
0.06281
0.07845
0.04930
0.05724
0.04850
0.12923
0.05823
0.04401
0.05938
0.08872
0.05184
0.05285
0.08962
0.08360
0.09108
0.10704
0.04978
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Figure B-5. Max‘imum UAC by meteorological location (5-m wastepiles).
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Appendix C

Sensitivity Analysis of ISC Air Model

This appendix describes sens1t1v1ty analysis on depletion options, source shape and
orientation, and receptor location and spacmg

C.1 Options’With and Without Depletions

A sensitivity analysis was conducted using the ISCST3 model to determine whether dry
and wet depletion options should be used in the risk analysis for five types of waste management
units. A discussion of the analysis follows.

The ﬂepletion options (dry depletion and wet depletion) may be used with concentrations
and depositions in the ISCST3 model runs. The model concentrations/depositions without
depletion are higher than those with depletion. Because it takes much longer to run the ISCST3

‘model with depletions than without depletions, a sensitivity analysis was performed to

investigate the differences of model outputs with and without selecting depletion options.

In this investigation, the 5th and the 95th percentile of sizes of LAUs were used to
determine the relationship between concentrations with depletions and sizes of units.

For dry depletion, two meteorological stations (Little Rock, Arkansas, and Winnemucca,
Nevada) were selected for the sensitivity analysis. The average particle sizes used in the
sensitivity analysis are 20 pm and 5 pm with corresponding mass fraction of 50 percent each.
The roughness length at application site was assumed as 0.4 meters.

For wet depletion, two meteorological stations were selected for the sensitivity analysis:
Atlanta, Georgia, with 49.8 inches precipitation per year (4th highest annual precipitation rate
among the 29 meteorological stations to be modeled), and Winnemucca, Nevada, with 8.1 inches
precipitation per year (3rd lowest annual precipitation rate). The reason for selecting a wet site
and a dry site was to examine (1) whether wet depletion has a more significant impact for a wet
site than a dry site; and (2) the differences of ambient concentrations that a very wet site can
make with and without selecting wet depletion.

Five-year average concentrations with and without dry depletion were calculated using
meteorological data from Little Rock and Winnemucca for the 5th and the 95th percentile of
sizes of LAUs. The results show that the differences of the maximum concentrations with and
without dry depletion are very small at close-to-source receptors. As the distance from the source
increases, the differences between the dry depletion option and without dry depletion increase
only slightly. The differences of concentrations are about 10 percent of the concentrations for the

C-1.
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95th percentile and are less than 2 percent of the concentrations for the 5th percentile at 50
meters from the edge of the LAU. The larger the area source, the larger the differences of the
maximum concentrations. The results are shown in Figures C-1a through C-1d.

Five-year average concentrations with and without wet depletion also were calculated
using meteorological data from Atlanta and Winnemucca for the 5th and 95th percentile of sizes
of LAUs. The results show that the differences of the maximum concentrations with and without
wet depletion are small for both Atlanta and Winnemucca sites. However, the differences in the
maximum concentrations between the wet depletion option and without wet depletion are about 5
to 10 times greater for the Atlanta site than the Winnemucca site. Tables C-1a and C-1b show
that for the 95th percentile unit size, at 50 meters from the edge of the unit, the differences in the
maximum concentrations are only 0.03% and 0.37% for Winnemucca and Atlanta, respectively.
This means that model concentrations with and without wet depletion are about the same.
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C.2  Source Shape and Orientation

A sensitivity analysis was conducted using the ISCST3 air model to determine what role

.source shape and orientation play in determining dispersion coefficients of air pollutants. A

discussion of this analysis follows.

Three different sources were chosen for this analysis. The sources were a square (source
No. 1), a rectangle oriented east to west (source No. 2), and a rectangle oriented north to south
(source No. 3). All three sources had an area of 400 m? in order to ensure that equal emission’
rates were compared. The rectangles were selected to be exactly two times longer and half as
wide as the square (see Figure C-2). '

Two meteorological stations at Little Rock, Arkansas, and Los Angeles, California, were
selected for this modeling analysis in order to compare two different meteorological regimes.
Little Rock was selected because of its evenly distributed wind directions and Los Angeles was
selected because it has a predominantly southwest wind direction (see Figure C-3). Five years of
meteorological data were used for this analysis.

Each area source was modeled with similar receptor grids to ensure consistency. Sixteen
receptors were placed on the edge of each of the area sources and another 16 were placed 25
meters out from the edge. Each of these two receptor groups were modeled as a Cartesian
receptor grid. Two receptor rings were also placed at 50 and 100 meters out from the center of

-the source. This polar receptor grid consisted of 16 receptors with a 22.5 degree interval between

receptors. See Figures C-4a through C-4c for receptor locations.

The ISCST3 model was run using the meteorological data from Little Rock, Arkansas,
and Los Angeles, California, and the results are shown in Tables C-2a and C-2b. The results
indicated that the standard deviation of the differences in air concentrations is greatest between
source No. 2 and source No. 3. This difference is due to the orientation of the source. This occurs
for both the Cartesian receptor grid and the polar receptor grid at both meteorological locations.
This shows that the model is sensitive to the orientation of the rectangular area source.

- Standard deviations are significantly smaller when source No. 1 is compared to source
Nos. 2 or 3. This shows that the differences in Unitized Air Concentration (UAC) between the
square source and the two rectangular sources are less than the differences between the two
rectangular sources. A square area source also contributes the least amount of impact of
orientation. Since no information on source shape or orientation is available, a square source will
minimize the errors caused by different source shapes and orientations.

C-9




Ny—v

Appendix C

-30
30

-20

410 0 BT Y Y

20—

-10—

-20—

30

Src3

Scm . o ‘_ﬂ

Srel

-30

-30

s L T [ 20 30

(meters).

Figure C-2. Source Shapes and Orientations

C-10

o

771 FT




Appendix C
Los Angeles, California
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Appendix C

C.3  Receptor Locations and Spacings

A sensitivityvanalysis was conducted using the ISCST3 model ti) determine what r¢cept6r
locations and spacings should be used in the risk analysis for five types of waste management
units (WMUs). A discussion of the analysis follows.

Because it takes a substantial amount of time for the ISCST3 model to execute, it was
necessary to choose a limited number of receptors to be used in the dispersion modeling analysis.
The larger the number of receptor points, the longer the run time. However, modeling fewer
receptors may result i m the omission of the maximum point for assessing exposure impacts.
Therefore, a sensitivity analysis was conducted to determine the number of receptors needed for
the model run and to logaté ideal receptor placements.

A wind rose was plotted for each of the 29 meteorological stations to be used in the risk
analysis for a 5-year time period in order to choose two meteorological stations for this
sensitivity analy51s Little Rock, Arkansas, and Los Angeles, California, meteorological stations
were selected for the sensitivity analysis. The wind roses show that Little Rock has very evenly
distributed wind directions, and Los Angeles has a predominant southwest to. west wind
(Figure C-3). Little Rock and Los Angeles were chosen to determine ifa higher density of
receptors should be placed downwind of a site near Los Angeles, as compared to a site near Little
Rock. Similarly, the 5th, 50th, and 95th percentile of sizes of LAUs were used in the sensitivity
analysis to determine whether sizes of units can affect receptor locations and spacings. The areas
of the 5th, 50th, and 95th percentile of sizes of LAUs are 1,200 mz, 100,000 rn2, and 1,700,000

m?, respectively.

The dispersion modeling was conducted using two sets of receptor grids. The first set of
receptor points (Cartesian receptor grid) was placed around the modeled source with distances of
0, 25, 50, 75, and 150 meters from the edge of the unit. Square-shaped ground-level area sources
were used in the modeling. Therefore, these receptors are located on five squares surrounding the
source. The second set of receptor points (polar receptor grid) was placed outside of the first set
of receptors to 10 kilometers from the center of the source. Since the ISCST3 model’s area
source algorithm does not consider elevated terrain, receptor elevations were not input in the
modeling.

In this sensitivity analysis, both downwind and lateral receptor spacings were investigated
for three unit sizes using 5 years of meteorological data from Little Rock and Los Angeles. For
the first set of receptor points (i.e., Cartesian receptor grid), five downwind distances of 0, 25, 50,
75, and 150 meters from the edge of the source were used. For lateral receptor spacing, choices
of 64, 32, and 16 equally spaced receptor points for each square were used in the modeling to
determine the number of receptors needed to catch the maximum impacts. (See Figures C-5a
through C-5c for Cartesian receptor locations and spacings [SOth percentile]). For the second set
of receptor points (i.e., polar receptor grid), about 20 downwind distances (i.e., receptor rings)
were used. Receptor lateral intervals of 22.5° and 10° were used to determine whether 22.5°
spacing can catch the maximum impacts. With a 22.5° interval, there are 16 receptors on each
ring. There are 36 receptors on each ring for the 10° interval. See Figures C-6a and C-6b for
polar receptor locations (Sth percentile).
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The results (Figures C-7a through C-7f) show that the maximum downwind
concentrations decrease sharply from the edge of the area source to 150 meters from the source.
The maximum concentrations decrease more sharply for a smaller area source than for a larger

one. This means that more close-to-source receptors are generally needed for a small area source
than for a large one. :

The results also show that the max1mum impacts are generally higher for a dense receptor

grid (i.e., 64 or 32 receptors on each square) than for a scattered receptor grid (i.e., t16 receptors
on each square). However, the dlfferences of the maximum receptor 1rnpacts are not significant
between a dense and a scattered receptor grid. (Flgures C-Ta through C- 7f) It should be noted that
the above conclusions apply to both Little Rock and Los Angeles This means that the
distribution of wind directions does not play an important role in determrmng receptor lateral
spacings.

Figures C-8a throu gh C-8f compare the maximum concentratrons at each rmg for 22.5°
and 10° intervals. The results show that the drfferences of the maximum concentrations are
greater for close-to-source receptors than for further out receptors and the differences are greater
for larger area sources than for smaller area sources The differences of the maximum ‘
concentrations for 22.5° and 10° mtervals are generally smal] and the concentratlons tend to be
the same at ‘10 kilometers. The conclus1ons were. drawn from both L1ttle Rock and Los Ange]es
rneteorologrcal data. '
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Appendix C

C.4  An Analysis on Windroses at the 29 Sites

The hourly meteorological data from the 29 meteorological stations used in the Air
. Characteristic Study were used to generate windroses. A windrose consists of 16 directions, with
the angle between any two adjacent directions being 22.5°. The prevailing wind directions for the
29 meteorological stations were counted to estimate the number of entries in each wind
directions category. The results are presented in Figure C-9.

The narrowness of the most frequent wind directions for each of the 29 meteorological
stations was examined. Based on the narrowness (or ang]es) of the most frequent wind directions,
four categories were used to distinguish the windroses for the 29 meteorologlcal stations. The
four categories of windroses are:

e Narrowly distributed: most frequent wind directions no greater than 45°
e Moderately distributed: most frequent wind directions no greater than 90°
* Evenly distributed: no obvious predominant wind directions

e Bimodally distributed: most frequent wind directions are from two opposite
directions. ‘ :

- The number of meteorological stations in each category is given in Table C-3. Figure C-10 gives
some examples of windroses for each category. The windroses for the 29 meteorological stations
are availablei; and can be provided upon request. ;

An exammatlon of the windroses and the maximum unitized annual average air
concentrations from the Air Characteristic Study revealed that the sites with high concentrations
are those with narrowly distributed wind directions. Simply put, per51stent wind direction
consistently blows pollutants from the source to the same receptors. Therefore, the more often
the wind blows n a certain direction, the, more likely high cumulative concentrations will occur
at sites in that dlrectlon

Air concentrations from a source are inversely proportion to windspeed. Given the same

distribution of wind directions, a site with lower wirfdspeed will have higher concentrations. The
" windroses show that, in the- prevalhng wind direction, the percentage of light wind occurring at a
site with narrowly distributed wind derCUOHS is often higher than that at a site with evenly
distributed wind directions. Therefore, we can conclude that a site with narrowly distributed wind
directions will most likely produce the highest ldng-term average air concentrations.
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Appendix C

No. of Counts

e} m es! v v w v v =
& g 7 < % g
Prevailing Wind Direction

S —
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MNN

Figure C-9. Counts Prevailing Wind Directions in Each Direction

Table C-3. No. of Met Stations with Different

Shapes of Windroses
Narrowly distributed. 10
Moderately distributed 4
Evenly distributed ‘ .6
Bi-modally distributed 9
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Appendix D

Determination of Groundwater Dilution
Attenuation Factors for Fixed Waste Site Areas
using EPACMTP

"Note: This appendix consists of Attachment E from the Technical Background Document for Soil

Screening Guidance (U.S. EPA, 1995). The entire attachment is included to document the
determination of DAFs used in the solvent wipers risk analysis.
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PREFACE

The work documented in this report was conducted by HydroGeoLogic, Inc. for the EPA Office’

of Solid Waste. The work was performed partially under Contract No. 68-W0-0029 and

partially under Contract No. 68-W3-0008, subcontracted through ICF Inc. This documentation -

was prepared under Contract No. 68-W4-0017. Technical direction on behalf of the Office of
Solid Waste was provided by Dr. Z.A. Saleem.

™ 7

™"

]

T

™

]

e

é_

g

R

™

FTTY Y T £y

£




-

S8 0

3

1

ABSTRACT

The EPA Composite Model for Leachate Migration with Transformation Products (EPACMTP)
was applied to generate Dilution Attenuation Factors (DAF) for the grouhdwater pathway in
support of the development of Soil Screening Level Guidance. The model was applied on a
nationwide basis, using Monte Carlo simulation, to determine DAFs as a function of the area
of the contaminated site at various probability levels. The analysis was conducted in two stages:

First, the number of Monte Carlo iterations rcquired to achieve converged results was

" determined. Convergence was defined as a change of less than 5% in the 85th pcrcexmle DAF

value. A oumber of 15,000 Monte Carlo iterations was dctcrmmcd to yield convcrgence;
subscqucnt analyses were performed using this number of iterations. Second, Monte Carlo
analyscs were performed to determine DAF values as a function of the contaminated area. The
effects of different placements of the receptor well were evaluated. .
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1.0 INTRODUCTION

The Agency is developing estimates for threshold values of chemical concentrations in soils at
contaminated sites that represent a level of concentration above which there is sufficient concern
to warrant further site-specific study. These concentration levels are called Soil Screening
Levels (SSLs). The primary purpose of the SSLs is to accelerate decision making concerning
contaminated soils. Genperally, if contaminant concentrations in soil fall below the screening
level and the site meets specific residential use conditions, no further study or action is
warranted for that area under CERCLA (EPA, 1993b).

The Soil Screening Levels have been developed using residential land use human exposure
assumptions and considering multiple pathways of exposure to the contaminants, including
migration of contaminants through soil to an underlying potable aquifer. Contaminant migration
through the unsaturated zone to the water table generally reduces the soil leachate concentration
by attenuation processes such as adsorption and degradation. Groundwater transport in the
samurated zone further reduces concentrations through attenuation and dilution. The contaminant
concentration arriving at a receptor point in the saturated zone, e.g., a domestic drinking water
‘wcll, is therefore generally lower than the original contaminant concentration in the soil leachate.

The reduction in concentration can be expressed succinctly in a Dilution-Attermation Factor
(DAF) defined as the ration of original soil leachate concentration to the receptor point

- concentration. The lowest possible value of DAF if therefore one; a value of DAF=1 means

that there is no dilution or attenuation at all; the concentration at the receptor point is the same
as that in the soil leachate. High values of DAF on the other hand correspond to a high degree
of dilution and attenuation.

For any specific site, the DAF depends on the interaction of 2 multitude of site-specific factors
and physical and bio-chemical processes. The DAF also depends on the pamre of the
contaminant itself; i.e., whether or not the chemical degrades or sorbs. As a result, it is
impossible to predict DAF values without the aid of a suitable computer fatc and transport

E-7
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simulation model that simulates the migration of a contaminant through the subsurface, and

accounts for the relevant mechanisms and processes that affect the receptor concentration. -

The Agency has dcvéloped the EPA Composite  Model fér Leachate' Migration with
Transformation Products (EPACMTP; EPA, 1993a, 1994) to assess the groundwater quality
impacts due to migration of wastes from surface waste sites. This model simulates the fate and
transport of contaminants after their release from the land disposal unit into the soil, downwards
to the water table and subsequently through the saturated zone. The fate and transport model

has been coupled to a Monte Carlo driver to permit determination of DAFs on a generic, -

pationwide basis. The EPACMTP model has been applied to determine DAFs for the subsurface
pathway for fixed waste site areas, as part of the development of Soil Screening Levels. This
report describes the application of EPACMTP for this purpose.

E-8

T

N R

|

™1

i

L |

]

[ TR s TR Aa

773

™

1

g

F

7

|

¥

LA |

S |

Y




TR

1
13

T3

1 1

2.0 GROUNDWATER MODEL

2.1  Description of EPACMTP Model

The EPA Composite Model for Leachate Migration with Transformation Products (EPACMTP,
EPA, 1993a, 1994) is a computer model for simulating the subsurface fate and transport of
contaminants that are released at or near the soil surface. A schematic view of the conceptual
subsurface system as simulated by EPACMTP, is shown in Figure 1. The contaminants are
initially rclcaséd over a rectangular source area representing the waste site. The modeled
subsurface system consists of an unsaturated zdnc underneath the source area, and an underlying
water table aquifer. Contaminants move vertically downward through the unsaturated zone to
the water table. The contaminant is assumed to be dissolved in the aqueous phase; it migfates
throﬁgh the soil under the influence of downward infiltration. The rate of infiltration may reflect
the combined effect of prcciﬁitation and releases from thx: source area. Once the contaminant
enters the saturated zone, a three-dimensional plume develops under the combined influence of
advection with the ambient groundwater flow and dispersive mixing.

The EPACMTP accounts for the following processes affecting contaminant fate and transport:
advection, dispersion, equllxbrmm sorption, first-order decay reactions, and recharge dilution
in the saturated zone. For contaminants that transfonn into one or more daughter products, the
model can account for the fate and transport of those transformation products also.

The EPACMTP model consists of three main modules:
®  An unsawrated zone flow and transport module
. A saturated zone flow and transport module

. A Monte Carlo driver module, which generates model input
parameter values from specified probability distributions

The assumptions of the unsaturated zone and saturated zone flow and transport modules are
described in Section 2.2. The Monte Carlo modeling procedure is described in Section 2.3.




f"ﬂecepterell
Leakagefrom = = 4
‘Contaminated Atjea , |
Unsaturated y i
Zone
v
Saturated —
Zone
Ambient )
Groundwater Flow
_._*.

Figure 1 Conceptual view of the unsaturated zone-saturated zone system simulated by
"~ EPACMTP.
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2.2 Fate and Transport Simulation Modules

2.2.1 Unsaturated zone flow and transport module

Details on the mathematical formulation and solution techniques of the unsaturated zone flow
and transport module are provided inA the EPACMTP background document (EPA, 1993a). For

completeness, the major features and assumptions are summarized below:

o The source area is a rectangular area.
o Contaminants are distributed uniformly over the source area.
° The soil is a uniform, isotropic porous medium.

o Flow and transport in the unsaturated zone are one-dimensional,
downward.

o Flow is steady state, and driven by a prescribed rate of infiltration.

. ‘Flow is isothermal and governed by Darcy's Law.

o The leachate concentration entering the soil is cither constant (with
a finite or infinite duration), or decreasing with time following a
first-order decay process.

. The chemical is dilute and present in solution or soil solid phase
only. ‘ ‘

° Sorption of chcxmmls onto the soil solid phase is described by a
linear or nonlincar (Freundlich) equilibrium isotherm.

. Chemical and biological transformation process can be represented -
by an effective, first-order decay coefficient. |

2.2.2 S‘ aturated zone flow and transport module

The unsaturated zone module computes the contaminant concentration arriving at the water table,

“as a function of time. Multiplying this concentration by the rate of inﬁln-a‘tion.through the

unsaturated zone yields the contaminant mass flux entering the saturated zone. This mass flux -
is specified as the source boundary condition for the saturated zone flow and transport module.

E-11




Groundwater flow in the saturated zone is simulated using a (quasi-) three-dimensional steady
state solution for predicting hydraulic head and Darcy velocities in a constant thickness
groundwater system subject to infiltration and recharge along the top of the aquifer and a

regional hydraulic gradient defined by upstream and downstream head boundafy conditions.

In addition to modeling fully three-dimensional groundwater flow and contaminant fate and

transport, EPACMTP offers the option to perform quasi-3D modeling. When this option is
sclected, the model ignores either the flow component in the horizontal transverse (-y) direction,
or the vertical (-2) directioh. The appropriate 2D approximation is selected automatically in the
code, based on the relative significance of plume ‘movement in the horizontal transverse versus
vertical directions. Details of this procedure are provided in tﬁe saturated zone background
document (EPA, 1993a). The switching criterion that is implemented in the code will select the
2D areal solution for situations with a rclauvcly thin saturated zone in which the contaminant
plume would occupy the entire samrated thxckncss conversely, the solution in which advection
in the horizontal transverse direction is 1gnored is used in situations with a large samratcd
. thickness, in which the cffcct of vcmcal plumc movcmcnt is more unportant

The sawrated zone transport module describes the advectivc-dispcrsivc transport of dissolved
contaminants in a three-dimensional, constant thickness aquifer. The initial boundary is zero,

and the lower aquifer boundary is taken to be nnpcrmuble No-flux conditions are set for the
upstream aquifer boundary Contaminants enter thc saturated zone through a patch source of
cither constant concentration or constant mass flux on the upper aquifer boundary, representing
theamaduccﬂyundcmuththewastcsxtcatth:smlsurfacc The source may be of a finite or
infinite duration. Recharge of contaminant-free infiltration water octurs along the upper aquifer
boundary outside the patch source. Transport mechanisms considered are advection,
' longitudinal, vertical and transverse hydrodynamic dispersion, linear or nonlinear equilibrium
adsorption, first-order decay and daughter product formation. As in the unsaturated zone, the
saturated zone transport module can simulate multi-species transport involving chained decay
reactions. The saturated zone transport module of EPACMTP can perform ecither a fully three-
dimensional transport simulation, or provide a quasi-3D approximation. The latter ignores
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pra advection in either the horizontal transverse (-y) direction, on the vertical (-z) direction,
consistent with the quasi-3D flow solution. In the course of 2 Monte Carlo simulation, the
= - appropriate 2D approximations are selected automatically for each individual Monte Carlo

Yo"

iteration, thus yielding an overall quasi-3D simulation.

}‘ ,
- The saturated zone and transport module is based on the following assumptions:
@{ . The aquifer is uniform and initially contaminant-free.
- . The flow field is at steady state; seasonal fluctuations in
‘- ' groundwater flow are neglected.
P : o The saturated thickness of the aquifer remains constant; mounding
L is represented by the head distribution along the top boundary of
the modeled saturated zone system.

= | '
L . Flow is isothermal and governed by Darcy’s Law.
= o The chemical is dilute and present in the solution or aquifer solid
L phase only.
sl o Adsorption onto the solid phase is described by a linear or
. nonlinear equilibrium isotherm.
- . Chemical and/or biochemical transformation of the contaminant
b : - can be described as a first-order process.
- :
: .
- ‘ :

2.2.3 Model capabilities and limitations
L EPACMTP is based on a mumber of simplifying assumptions which make the code easier to use
- and ensure its computational efficiency. These assumptions, however, may cause application
L. of the model to be inappropriate in certain situations. |
-

The main assumptions embedded in the fate and transport model are summarized in the previous
P sections and are discussed in more detail here. The user should verify that the assumptions are
: reasonable for a given application. '

3 (13
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Uniform Porous ‘Soil and Aquifer Medium. EPACMTP assumes that the soil and aquifer
' behave as uniform porous media and that flow and transport are described by Darcy’s law and
the advection-dispersion equation, respectively. The model does not account for the presence
of cracks, macro-pores, and fractures. Where these features are present, EPACM'I'P may

underpredict the rate of contaminant movement.

Single Phase Flow and Transport. The model assumes that the water phase is the only mobile
phase and disregards interphase transfer processes other than reversible adsorption onto the solid
phase. For example, the model does not account for volatilization in the unsaturated zone,
which will tend to give conservative predictions for volatile chemicals. The model also does not
account for the presence of a second liquid phase (e.g., oil). When a mobile oil 'pﬁasc is
present, the movement of hydrophobic chemicals may be undcrpmdlcted by the model, since
significant migration may occur in the oil phase rather than in the water phase.

Egquilibrium Adsorption. The model assumes that adsorption of contaminants onto the soil or
aquifer solid phase occurs instantaneously, or at least rapidly relative to the rate of contaminant
movement. In addition, the adsorption process is taken to be entirely reversible.

Geochemistry. The EPACMTP model does not account for complex geochemical processes,
such as ion exchange, precipitation and complexation, which may affect the migration of
chemicals in the subsurface environment. EPACMTP can only approximate such processes as
an effective equilibrium retardation process. The effect of geochemical interactions may be
especially important in the fate and transport analyses of metals. Enhancement of the model for
handling a wide variety of geochemical conditions is currently underway. ‘

First-Order Decay. 1t is assumed that the rate of contaminant loss due to decay reactions is
proportional to the dissolved contaminant concentration. The model is based on one overall
decay constant and does not explicitly 'account for multiple degradation processes, such as
oxidation, hydrolysis, and biodegradation. When multiple decay processes do ‘occur, the user

A

F71

™

7

I

™




must determine the overall, effective decay rate. In order to increase flexibility of the model,

" the user may instruct the model to determine the overall decay coefficient from chemical specific

hydrolysis constants plus soil and aquifer temperature and pH.

Prescribed Decay Reaction Stoichbmeﬁy. For scenarios involving chained decay reactions,
EPACMTP assumes that the reaction stoichiometry is always prescribed, and the speciaticn
factors are speciﬁed' by the user as constants (scé EPACMTP Background Document, EPA,
‘ ’1993a). In reality, these coefficients may change as functions of aquifer conditions (temperature,

pH, etc.) and/or concentration levels of other chemical components.

Uniform Soil. EPACMTP assumes that the unsaturated zone profile is homogeneous. The
model does not account for the presence of cracks and/or macropores in the soil, nor does it
account for lateral soil variability. The latter condition may significantly affect the average

transport behavior when the waste source covers a large area.

Steady-State Flow in the Unsaturated-Zone. Flow in the unsaturated zone is always treated as
smdy state, with the flow rate determined by the long term, average infiltration rate through
a dxsposal unit, ‘or by the average depth of ponding in a surface impoundincnt. Considering the
time scale of most practical problems, assuming steady-state flow conditions in the unsaturated
zone is reasonable. '

Groundwater Mounding. The saturated zone module of EPACMTP is designed to simulate flow
and transport in an unconfined aquifer. Groundwater mounding beneath the source is
represented only by increased head values onAtop of the aquifer. The saturated thickness of the
aquifer remains constant in the model, and therefore the mode! treats the aquifer as a confined
system. This approach is reasonable as long as the mound height is small mhﬁve to the
saturated thickness of the aquifer and the thickness of the unsaturated zone. For composite
modeling, the effect of mounding is partly accounted for in the unsaturated zone module, since
the soil is allow_ed to become saturated. The aquifer porous material is assumed to be uniform,

E-15




although the model does account for anisotropy in the hydraulic conductivity. The lower aquifer

i)oundary is assumed to be impermeable.

Flow in the Saturated Zone. Flow in the samrated zone is taken to be at steady state. The
concept is that of regional flow in the horizontal longitudinal direction, with vertical disturbance
_due to recharge and infiltration from the overlying unsamratcd zone and waste site (soﬁrcc area).
EPACMTP accounts far variable recharge rates underneath and outside the source area. It is,

however, assumed that the saturated zone has a constant thickness, which may cause inaccuracies

in the predicted groundwater flow and contaminant transport in cases where the infiltration rate

from the waste disposal facility is high.

Transport in the Saturated Zone. Contaminant transport in the saturated zone is by advection
and dispersion. The aquifer is assumed to be initially contaminant free and contaminants enter
the aquifer only from the unsaturated zone immediately underneath the waste site, which is
modeled as a rectangular horizontal plane source. EPACMTP can simulate both steady state and
transient transport in the saturated zone. In the formcr'cas‘e', the contaminant mass flux cn{cring
at the water table must be constant with time. In the latter case, the flux at‘thé water table can
be constant or vary as a function of time. The transport module accounts for equilibrium
adsorption and decay reactions, both of which are modeled in the same manner as in the
unsaturated zone. The adsorption and decay coefficients are assumed to be uniform throughout
saturated zonpe. 4

2.3 Monte Carlo Module

EPACMTP was designed to perform simulations on a nationwide basis, and to account for
variations of mode! input parameters reflecting variations in site and hydrogeological conditions.
The fate and transport model is therefore linked to a Monte Carlo driver which generates model
inb’ut parameter values from the probability distribution of each parameter. The Monte Carlo
modeling procedure is described in more detail in this section. |
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The Monte Carlo method requires that for each input parameter, except constant parameters, a
probability distribution is provided. Tbe method involves the repeated generation of pseudo-
random values of the uncertain input variable(s) (drawn from the known distribution and within
the range of any imposeﬂ bounds) and the application of the model using these values to generate
a series of model responses (receptor well concentration). These responses are then statistically
analyzed to yield the cumulative probability distribution of the model output. Thus, the various
steps involved in the application of the Monte Carlo simulation technique are:

(1)  Selection of representative cumulative probabﬁity distribution
functions for the relevant input variables. ‘

(2) Generation of a pseudo-random number from the distributions
selected in (1). These values represent a possible set of values (a
realization) for the input variables.

(3)  Application of the fate and transport simulation modules to
compute the output(s), i.e., downstream well concentration.

(C)) ch:med application of steps (2) and (3) for a speéiﬁed number of
iterations.

o) Presentation of the series of output (random) values gcncrated in
step (3)-

(6) . Analysis of the Monte Carlo output to derive r:gulatory DAF
values.

The Monte Carlo module designed for implementation with the EPACMTP composite model
performs steps 2-5 above. This process is shown conceptually in Figure 2. Step 6 is performed
as a post-processing step. This last step simply involves converting the normalized receptor well
concentrations to DAF values, and ranking then for high to low values. Each Momte Carlo
iteration yields one DAF value for the constituent of concern (plus one DAF value for each of
the mfomaﬁon products, if the constituent is a degrader). Since each Monte Carlo iteration
has equal probability, ordering the DAF values from high to low, directly yields their cumulative
probability distribution (CDF). If appropriate, CDF curves representing  different regional
distributions may be combined into a smgle CDF curve, which is a wexghted average of the
regional curves. o
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A simplified flow chart that illustrated the linking of the Monte Carlo module to the simulation
modules of the EPACMTP composite model is presented in Figure 3. The modeling input data
is read first, and subsequently the desired random numbers are generated. The generated
random and/or derived parameter values are then assigned to the model variables. Following
this, the contaminant transport fate and transport simulation is performed. The result is given
in terms of the predicted contaminant concentration(s) in a down-stream receptor well. The
generation of random parameter values and fate and transport simulation is repeated as many

times as desired to determine the probability distribution of down-stream well concentrations.

2.3.1 Capabilities and Limitations of Monte Carlo Module

The Monte Carlo module in EPACMTP is implemented as a flexible module that can
accommodate a wide variety of input distributions. These include: constant, normal, log-
normal, exponential, uniform, log,q uniform, , Johnson SB, empirical, or derived. In addition,
specific upper and/or lower bounds can be provided for each parameter. The empirical
distribution is used when the data does not fit any of the other probability distributions. When
the empirical distribution is used, the probability distribution is specified in tabular form as a
list of parameter values versus cumulative probability, from zero to one.

It is important to realize that the Monte Carlo method accounts for parameter variability and
uncertainty; it does, however, not provide a way to account or compensate for process
uncertainty. If the actual flow and transport processes that may occur at different sites, are
different from those simulated in the fate and transport module, the result of a Monte Carlo

| analysis may not accurately reflect the actual variation in groundwater concentrations.

EPACMTP does not dircctly account for. potential statistical dependencies, i.e., correlations
between parameters. The probébility distributions of individual parameters are considered to
be statistically independent. At the same time, EPACMTP does incorporate a number of
safeguards against generating impossible combinations of model parameters. Lower and upper
bounds on the parameters prevent unrealistically low or high values from being generated at all.
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Figure 3 Flow chart of EPACMTP for Monts Carlo simulation.
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In the case of model parameters that have a direct physical dependence on other parameters,

" these parameters can be specified as derived parameters. For instance, the ambient groundwater

flow rate is determined by the regional hydraulic gradient and the aquifer hydraulic conductiviry.
In the Monte Carlo analyses, the ambient groundwater flow rate is therefore calculated as the
product of conductivity and gradient, rather than generated independently. A detailed discussion
of the derived parameters used in the model is provided in the EPACMTP User's Guide (EPA,
1994).
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3.0 MODELING PROCEDURE

This section documents the modeling procedure followed in determining the groundwater
pa‘thway‘DAF values for the Soil Screening Levels. Section 3.1 describes the overall approach

for the modeling analysis; section 3.2 describes the model options used and summarizes the input

parameter values.

3.1 Modeling Approach

The overall modeling approach comsisted of two stages. First, a sensitivity analysis was
performed to determine the optimal number of Monte Carlo repetitions required to achieve a
stable and converged result, and to determine which site-related parameters have the greatest
impact on tﬁe DAFs. Secondly, Monte Carlo analyses were performed to determined DAF

values as a function of the size of the source area, for various scemarios of receptor well
placement.

3.1.1 Determination of M' onte Carlo Repetition Number and Sensitivity Analysis

The criterion for determining the optimal number of Monte Carlo repetitions was set to a change
in DAF value of no more than 5 percent when the number of repetitions is varied. A Monte
Carlo simulation comprising 20,000 repetitions was first made. The results from this simulation
were analyzed by calculating the 85th percentile DAF value obtained by sampling model output
sequenices of different length, from 2,000 to the full 20,000 repetitions. The modeling scenario
consxdcmdmthxsanalysxswasthesamcasthatmth:basemscscenanodmxssedxnthcnext
section, with the size of the source area set to 10,000 m?.

The sensitivity analysis on site-related model parameters was performed by fixing one parameter

at a time, while remaining model parameters were varied according to their defauit, nationwide
probability distributions as discussed in the EPACMTP User’s Guide (EPA, 1993b).
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For each parameter, the low, medium, and high values were selected, corresponding to the 15th,

‘50th, and 85th percentile, respectively, of that parameter’s probability distribution. As a result,

the sensitivity analysis reflects, in part, the width of each parameter’s probability distribution.
Parameters with a narrow range of variation will tend to be among the less sensitive parameters,
and vice versa for parameters that have a wide range of variation. By conductmg the sensmvuy

analysis as a series of Monte Carlo simulations, any parametcr interactions on the model output

are automatically accounted for. Each of the Monte Carlo simulations yields a probability |

distribution of predicted receptor well concentrations. Evaluating the distributions obtained with
different fixed values of the same parameter provides a measure of the overall sensitivity and
impact of that parameter. In each case the model was run for 2000 Monte Carlo iterations.

Steady-state conditions (continuous source) were simulated in all cases.

In a complete Monte Carlo analysis, over 20 different model parameters are involved. These
parameters may be divided into two broad categories. The first includes parameters that are

independent of contaminant-specific chemical properties, e.g., depth to water table,i aquifer

_ thickness, receptor well distance, etc. The second category encompasses those parameters that

are related to contaminant-specific sorption and biochemical transformation characteristics. This
category mcludcs the organic carbon parutmn coefficient, but also parameters such as aquifer
pH, tcmpcramrc and fraction organic carbon. The scnsmvny of the model to thr. first category
of parameters has examined, by considering a ‘non-degrading, non-sorbmg contaminant. Under
these conditions, any parameters in the second category will have zero sensitivity. In addition,
all unsaturated zone parameters can bc left out of the ana]ysxs, since rhc pmdu:ted stcady state
contaminant concentration at the water table will always be the same as that emcrmg the
unsaturated zone. The only exception to this is the soil type parameter. In t.he nanonwxde
Monte Carlo modeling approach different soil types are dxsnngmshed Each of the three
different soil types (sandy loam, silt loam or silty clay loam) has a different distribution of
infiltration rate, with the sandy loam soil type having the highest infiltration rates, silty clay

loam having the lowest, and silty loam having intermediate raxcs The effect of the soil type

parameter is thus intermixed with that of infiltration rate. Table 1 lists the input ‘low’,
‘medium’ and ‘high’ values for all the paxam:tcrs cxammed
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Table 1 Parameter input values for model sensitivity analysis.

Parameter Low Median High

Source Parameters °

Source Area (m?) 4.8x10° 2.8x10° 1.1x10°
Infiltration Rate (m/yr) 6.0%x10% 6.4x107 1.7x10"
Recharge Rate (m/yr) 6.0x10% 8.0x10°3 1.5Xx10°"
_Saturated Zone Parameters

Sawrated Thickness (m) 15.55 60.8 1159.3
Hydraulic conductivity (m/yr) 1.9x10° 1.5x10* 5.5x10*
Regional gradient 4.3x10° 1.8x107? 5.0x10%
Ambient groundwater velocity (m/yr) 53.2 404.0 2883.0
Porosity o ' 0.374 0.415 0.455
Longitudinal Dispersivity (m) 42 12.7 98.5
Transverse Dispersivity (m) 0.53 1.59 12.31
Vertical Dispersivity (m) 0.026 0.079 0.62
E-25




3.1.2 Analysis of DAF Values for Different“ Soufce Areas

S

| Following completion of the sensitivity analysis discussed above, an analysis was performed of
the variation of DAF values with size of the contaminated area. The sensitivity analysis, results
of which are presented in Section 4.1, showed that the size of the contaminated Source area is
one of the most sensitive parameters in the model. For the purpose of deriving DAF values for
the groundwa;cr 'pathway in determining soil screening levels, it would therefore be appropriate

to correlate the DAF value to the size of the contaminated area.

The EPACMTP modeling analysis was designed to determine the size of the contaminated area
that would result in DAF values of 10 and 100 at the upper 85th, 90th, and 95th percentile of
probability, respectively. Smcc it is not possible to directly determine the source area that
results in a specific DAF value, the model was executed for a range of different source areas,
using a different but fixed source area value in each Monte Carlo simulation. The 85th‘,‘ 90th,»
and 95th percentile DAF values were then plotted against source area, in order to determine the
value of source area corresponding to a specific DAF value. |

3.1.2.1 Model Options and Input Parameters

.Table 2 summarizes the EPACMTP model options used in performing the simulations. Model
input parameters used are summarized in Table 3. The selected options and input parameter
distributions and values are consistent with those used in the default nationwide modeling, and
are discussed individually in the EPACMTP User’s Guide (EPA, 1994). Exceptions to this
default modeling scenario are discussed below.

ource Area
In the default, nationwide modeling scenario, the waste site area, or source area, is treated as
a Monte Carlo variable, with a distribution of values equal to that of the type of waste unit, €.g.
landfills, considered. In the present modeling analyses, the source area was set to a different

but constant value in each simulation run.
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Table 2 Summary of EPACMTP modeling options.

OPTION

Value Selected

Simulation Type
Number of Repetitions
Nationwide Aggregation
Source Type

Unsat. Zone Present

Sat. Zone Model
Contaminant Degradation

Contaminant Sorption

Monte Carlo
15,000
Yes
Continuous
Yes
Quasi-3D
No
No
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Table 3 Summary of EPACMTP input parameters.

Value or
Parameter Distribution Type Comment
Source-Specific
Area Constant Varied in each run
Infiltration Rate Soil-type dependent defauit
Recharge Rate Soil-type dependent default
Leachate Concentration =10 default
Chemical-Specific |
Hydrolysis Rate Constants = 0.0 Contaminant doa not degrade
Organic Carbon Partition Coeff. = 0.0 Contaminant does not sorb
Unsaturated Zor= Specific
Depth 10 Water Table Empirical default
Dispersivity Soil-depth dependent default
Soil Hydraulic Properties Soil-type dependent default
Soil Chemical Properties Soil-type dependent default
 Saturated Zope Specific
Sat. Zone Thickpess Exponential defanlt
Hydraulic Conductivity Derived from Part. Diam. default
Hydraulic Gradient Exponential default
Seecpage Velocity Derived from Conductivity and defanlt -
L ‘ Gradient
Parnticle Diameter Empirical - defanlt
Porosity Derived from Part. Diam defanlt
Bulk Density Derived from Porosity default
Longitudinal Dispersivity Distance-dependent default
Transverse Dispersivity Derived from Long. Dispersivity default
Vertical Dispersivity Dcrived from Long. Dispersivity defalt
Receptor Well x-coordinate = 25 feet Set to fixed value
Receptor Well y-coordinate Within plume default
Receptor Well 2-coordinate Empirical default

Note:

Guide (EPA, 19%94).
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Receptor Well Location
- In the default nationwide modeling scenario, the position of the nearest downgradient receptor
well in the saturated zone is treated as a Monte Carlo variable. The position of the well is
defined by its x-, y-, and z-coordinates. The x-coordinate réprcscnts the distance along the
ambient groundwater flow direction from the downgradient edge of the contaminated area. The
y-coordinate represents the horizontal transverse distance of the well from the plume centerline.
The x-, and y-coordinate in turn can be defined in terms of an overall downgradient distance,
and an angle off-center (EPA, 1994). The z-coordinate represents the depth of the well intake
point below the water table. This is illustrated schematically in Figure 4, which shows the

receptor well location in both plan view and cross-sectional view.

In the default nationwi:d: modeling scenario, the x-, and z-coordinates of the well are determined
from Agency surveys on the distance of residential wells from municipal landfills, and data on
the depth of residential drinking water wells, respectively. The y-coordinate value is determined

5o that the well location falls within the approximate areal extent of the contaminant plume (see

Figure 4).

For the present modeling analysis, a pumber of different receptor well placement scenarios were
considered. These scenarios are summarized in Table 4.

The base case scenario (scenario 1) involved setting the x-distance of the reccptor' well to 25 feet
from the edge of the source arca.- Nationwide default options were used for the receptor well
y- and z-coordinates. The y-coordinate of the well was assigned a uniform probability
distribution within the boundary of the plume. The depth of the well intake point (z-coordinate) -
was assumed to vary within upper and lower bounds of 15 and 300 feet below thc water t.able,

reflecting a national sample distribution of depths of residential drinking water wells (EPA
1994).

In addition to this base case scenario, a2 number of other well placement sceparios were
investigated also. These arc pumbered in Table 4 as scenarios 2 through 6. Scenario 2
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Figure 4 ' Pﬁn view and cross-section view showing location of receptor well.
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Table 4 Receptor well location scenarios.

- Scenario Xwell Ywell Zwell
1 (Base Case) 25 ft from edge of source Monte Carlo within plume Nationwide
‘ area : Distribution
2 Nationwide Distribution Monte Carlo within plume Nationwide
Distribution
3 0 ft from edge of source  Monte Carlo within half-  Nationwide
area width of source area Distribution
4 25 ft from edge of source  Monte Carlo within half-  Nationwide
area width of source area Distribution
5 100 ft from edge of Monte Carlo within half-  Nationwide
source area width of source area Distribution
6 25 ft from edge of source Width of source area + 25 ft below
- area 25 ft water table

Xivcll
Ywell
Zwell

wnn

Downgradient distance of receptor well from edge of source area.

Horizontal transverse distance from plume centerline.
Depth of well intake point below water table.
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corresponds to the default, nationwide Monte Carlo modeling scenario in which the x, y, and

.z locations of the well are all variable. In scenarios 3, 4 and 5, the distance between the

receptor well and the source area is varied from zero to 100 feet. In these scenarios, the y-
coordinate of the well was constrained to the central portion of the plume. In scenario number
6, the x-, y-, and z-coordinates of the receptor well were all set to constant values. These

additional scenarios were included in the analysis in order to assess the sensitivity of the model

results to the location of the receptor well.

Aquifer Particle Size Distribution

In the default Monte Carlo modelmg scenario, the aquifer hydraulic conductivity, porosity, and
bulk density are determined from the mean particle diameter. The particle diameter distribution
used is based on data compiled by Shea (1974). In the present modeling analyses for fixed
waste site areas, the same approach and data were used, but the distribution was shifted
somewhat to assign more wclght to the smallest particle diameter mterval The result is that
lower values of the hydraulic conducnvxty values generated, and also of the ambxent groundwater

seepage velocities, received more emphasis. Lower ambient groundwater velocities reduce the
degree of dilution of the incoming contaminant plume and therefore result in lower, i.e. more
conservative, DAF values. Table 5 summarizes the distribution of particle size diameters used
in both the default nationwide modeling scenario and in the present analyses.
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Table 5 Distribution of aquifér particle diameter.

Nationwide Default

Present Analyses

Particle Diameter Cumulative Particle Diameter Cumulative

(cm) Probability (cm) Probability
3.9 10¢ 0.000 4.0 10° 0.100
7.8 10° . 0.038 8.0 10 0.150
1.6 10° 0.104 1.6 107 0.200
3.110° 0.171 3.110° 0.270
6.3 107 0.262 6.3 10° 0.330
1.25 10 0.371 1.25 102 0.440
2.5 107 0.560 2.5 102 0.590
5.0 102 0.792 5.0 102 0.790
1.0 10* 0.904 1.0 10 0.880
2.0 10? 0.944 2.0 107 0.910
4.0 10" 0.946 4.0 10" 0.940
8.0 10" 1.000 7.5 10" 1.000
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4.0 RESULTS

This section presents the results of the modeling analyses performed. The analysis of the
convergence of the Monte Carlo simulation is presented first, followed by the parameter

sensitivity analysis, and thirdly the analysis of DAF values as a function of source area for

. various well placement scenarios.

4.1 Convergence of Monte Carlo Simulation

Table 6 summarizes the results of this convergence analysis. It shows the variation of the 85th
percentile DAF value with the number of Monte Carlo repetitions, from 2,000 to 20,000. The
variations in DAF values are shown both as absolute and relative differences. The table shows
that for this example, the DAF generally increases with the number of Monte Carlo repetitions.
It should be kept in mind that the results from different repetition numbers as presented in the
table, are not independent of one another. For instance, the first 2000 repetitions are also
incorporated in the 5000 repetition results, which in turn is in the 10,000 repetition result, etc.

The rightmost column of Table 6 shows the percentage difference in DAF value between
different repetition numbers. At repetition numbers of 14,000 or less, the percentage difference

varies in a somewhat irregular manner. However, for repetition: numbers of 15,000 or greater,
the DAF r:mamed relatively constant, with incremental changes of DAF remaining at 1% or

less. Based upon these results, a repetition number of 15,000 was selected for use in the
subsequent runs with fixed source area.

4.2 Parameter Sensitivity Analysis

Results of the parameter sensitivity analysis are summarized in Table 7. The parameters are
ranked in this table in order of relative sensitivity. Relative sepsitivity is defined for this
purpose as the absolute difference between the “high" and “"low" DAF at the 85th percentile
level, divided by the 85th pcrc_emile DAF for the "median” case.-
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Table 6 Variation of DAF with number of Monte Carlo repetitions.

No. of Repetitions

85-th Percentile

Difference Relative
DAF _ Difference (%)
2,000 347.8
o -10.9 3.1
5,000 336.9
- +17.3 +5.1
10,000 354.2 | _
+5.0 +1.4
11,000 359.2
4282 +7.9
12,000 387.4
-18.1 4.7
13,000 369.3 |
' 0.2 -0.05
14,000 369.1 |
+18.2 +4.9
15,000 387.3
_ +0.1 +0.03
16,000 387.4
: +0.6 +0.15
17,000 388.0
| 0.7 -0.18
18,000 387.3 |
+2.9 +0.75
19,000 390.2
+2.6 +0.67
20,000 392.8 '
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Table 7 Sensiti'vity of model parameters.

85% DAF Value

‘ Relative

Parameter ' Low Median High  gensitivity' Rank
Infiltration Rate 4805.4  418.8 11.6 11.4 1
Saturated Thickness 25.3 198.5  2096.9 10.4 2
G.W. Velocity 7.6 97.7 816.3 8.3 3
Source Area 357.1 85.2 35.6 3.8 4
Hydr. Conductivity 19.8 180.4 660.1 3.5 5
Vcrtical Well Position 49.1 206.1 491 .4 2.1 6

G.W. Gradient 32.4 168.3 383.0 2.1 7
Long. Dispersivity 182.6 104.2 78.8 1.0 8
~ Vert. Dispersivity 179.6 114.9 66.6 1.0 9
Porosity 41.3 49.9 79.7 0.8 10
Receptor Well Distance 163.9 117.9 84.5 0.7 11
Transv. Dispersivity  156.7 156.3 173.5 0.1 12
Receptor Well Angle 127.3 130.8 113.6 0.1 13
Ambient Recharge ‘ 108.3 100.0 114.4 0.06 14

" Relative Sensitivity = |High-Low |/Median
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The table shows that the most sensitive parameters included the rate of infiltration, which is a
" function of soil type, the saturated thickness of the aquifer, the size of source area, the

groundwater seepage velocity, and the vertical position of the receptor well below the water
table. The least sensitive paramct;fs included porosity, downstream distance of the receptor well
in both the x- and y-dirccﬁons, the horizontal transverse dispersivity, and the areal recharge rate.
To interpret these results, it should be kcpt. in mind that the rankings reflect in part the range
of variation of each parameter in the data set used for the sensitivity analysis. The infiltration
rate was a highly sensitive parameter since, for a given leachate concentration, it directly affects
the mass flux of contaminant entering the subsurface. The size of the source are would be
cxpcctedlto be equally sensitive; were it not for the fact that in the sensitivity analysis, the
source area had a much narrower range of variation than the infiltration rate. The "high" and
"low" values of the source area, which were taken from a pationwide distribution of landfill
waste units, varied by a factor of 23, while the ratio of "high" to "low" infiltration rate was
almost 300. |

In the simulations performed for the sensitivity analysis, no constraint was imposed on the
vertical position of the well. The well was modeled as having a uniform distribution with the
well intake point located anywhere between the water table and the base of the aquifer. The
aquifer saturated thickness and vertical position of the well were both among the sensitive
parameters, with similar effects on DAF values. Increasing either the saturated thickness, or
the fractional depth of the receptor well below the water table, increases the likelihood that the
receptor well will be located underneath the contaminant plume and sample uncontaminated
~ groundwater, leading to a high DAF value. The dilution-attenuation factofs were ﬂso sensitive
to the groundwater velocity, and the parameters that determine the groundwater velocity, i.e.,
hydraulic conductivity and ambient gradient. Table 7 shows that a higher groundwater velocity
results in an increase of the dilution-attenuation factor. Since a conservative contaminant was
simulated under steady-state conditions, variations in travel time do not affect the DAF. The
increase of DAF with increasing flow velocity reflects the greater mixing and dilution of the
contaminant as it enters the saturated zone in systems with high groundwater flow rate. Porosity
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also directly affects the groundwater velocity, but was not among the sensitive parameters. This

-is a reflection of the narrow range of variation assigned to this parameter.

The off-center angle which determines the y position of the well relative to the plume center line
would be expected to have a similar effect as the well depth, but is seen to have a much smaller
sensitivity. This was a result of constraining the y-location of the receptor well to be always
inside the approximate areal extent of the contaminant plume. The effect is that tﬁe relative
scnsitivity of the off-center angle was much less than that of the vertical coordinate of the well.

The low rclanve sensitivity of recharge rate reflects the fact that this paramctcr has an only
mdm:ct cffect on plume concentrations.

Overall, thc Monte Carlo results were not very seasitive to disbcrsivity and downstream disfancc
of the receptor well. The probable explanation for these parameters is that variations of the
parameters produce opposing effects which tended to cancel one another. Low dispersivity
values will produce a compact plume which increases the probability that a mnddmly located
receptor well will lie outside (underneath) the plume. Higher dispersivities will increase the
chance that the well will intercept the plume. At the same time, however, mass ‘balance
considerations dictate that in this case average concentrations inside the plume will be lower than
in the low dispersivity case. Similar reasoning applies to the effect of receptor well distance.
If the well is located pear the source, concentrations in the plume will be relatively high, but so
xsthechanccthatthewclldo&notmterceptthcplumcatall At greater distances from the
source, the likelihood that the well is located inside the plume is greater, but the plume will also
be more diluted. In the course of a full Monte Carlo simulation these opposing effects would
tend to average out. The much lower sensitivity of transverse dispersivity, oy, comp'ared 0 o

anda,,canbecontributedtothcxmposedconsummrhatthcwcnmustalwaysbcthhmthcareal
cxtcntofthcplumc

The results of the sensitivity analysis show that the site characteristic which lends itself best for
a classification system for correlating sites to DAF values is the size of the contaminated (or
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source) area. In the subsequent analyses, the DAF values were therefore determined as a

function of the source area size. These results are presented in the following section.

4.3 DAF Values as a Function of Source Area

This section presents the DAF value as a function of source area for various well location
scenarios. The results for each of the scenarios examined are presented in tabular and graphical
form. Figure 5 shows the variation of the 85th, 90th, and 95th percentile DAF with source area
for the base case scenario. The source area is expressed in square feet. The figure displays
DAF agamst source area in a log-log graph. The graph shows an approxunately lmcar
rclauonsmp except that at very large values of the source area, the DAF starts to level off.
Evenmally the DAF approaches a value of 1.0. As expected, the curve for the 95th percentile
DAF always shows the lowest DAF values, while the 85th percentile shows the highest DAFs.

The DAF versus source area relauonshxp for the other well placcmcnt scenarios are shown in

Figures 6 through 10. The numcncal results for each scenario are summarized in Tablcs Al
through A6 in the appendix.

Inspection and cbmparison of the results for each scenario indicate that the relationship follows
the same general shape in mh case, but the magnitude of DAF -values at a given source area
can be quite different for different well placement scenarios. In order to allow a direct
comparison between the various scenarios analyzed, the DAF values obuained for a source area

of 150,000 ft2 (3.4 acres) are shown in Table 8 as a fum:non of thc rcceptor well locanon
sccnano

Inspéction of the DAF values shows that the default nationwide scenario for locating the receptor
well rcsults in the highest DAF values, as compared to the base case scenario and the other
scenarios, in which the receptor well location was fixed at a relatively close distance from the
waste source. In the default nationwide modeling scenario, the well location is assigned from
" pationwide data on both the distance from the waste source and depth of the well intake poiﬁt
below the water table. In the default nationwide modeling scenario, the receptor well is alloweﬁ
to be located up to 1 mile from the waste source. In the base case (Scenario l)thcwellis
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Table 8 DAF values for waste site area of 150,000 fi2.

Model DAF Percentile

Scenario 85 90 95

1 (base case) 237.5 26.4 2.8
2 300.1 114.7 26.8
3 158.8 17.9 1.7

4 132.1 16.6 1.8

5 98.8 15.1 2.0

6 94.7 25.3 4.4

i
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allowed to be located anywhere within the areal extent of the con&minam plume for a fixed x-
" distance of 25 feet. This allows the well to be located near the fringes of the contaminant plume
where concentrations are relatively low and DAF values are correspondingly high. In contrast,
in Scenarios 3, 4, and 5, the well location was constrained to be within the half-width of the
waste source. In other words, the well was always placed in the central portion of the
contaminant plume where concentrations are highest. As a result, these scenarios show lower
DAF values then the base case scenario. The results for Scenarios 3, 4, and 5, which differ only
in the x-distance of the receptor well, show that placement of the well at either 25 or 100 feet
away from the waste source results in 85% and 90% DAF values that are actually lower, i.e.
more conservative, than placemcni of the well directly at the edge oft he waste source. This is
a counter-intuitive result, but may be explained from the interaction between distance from the
waste source and vertical extent of the contaminant plume below the water table. Close to the
waste source, the contaminant concentrations within the plume are highest, but the plume may
not have penetrated very deeply into the saturated zone (Figure 2). Because the vertical position
of the well was taken as a random variable, with a maximum value of up to 300 feet, the
probability that a receptor well samples pristine groundwater underneath the contaminant plume
is higher at close distances from the waste area. Conversely, as the distance from the source
increases, the plume becomes more dilute but also extends decper below the water table. The
final result is that the overall DAF may acmally decrease with distance from the source. The
table also shows that at the 95% level, the lowest DAF is obtained in the case where the well

is located at the edge of the waste source. This reflects that the highest concentration values will
be obtained dnly very close to the waste source. '

The results for the last scenario, in which the x, y, and z locations of the receptor well were all
fixed, show that fixing the well depth at 25 feet ensures that the well is placed shallow enough
that it will be located inside the plume in nearly all cases, resulting in low DAF values at the
85th and 90th percentile values. On the other hand, the well in this case is never placed
immediately at the plume centerline, so that the highest concentrations sampled in this scenario
are always lower than in the other scenarios. This is reflected in the higher DAF value at the
95th percentile level.
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One of the key objectives of the present analyses was to determine the appropriate _groundwéter
DAF value for a waste area of given size. For the base case scenario, the 90th percentile DAF
value is on the order of 100 or higher for a waste area size of 1 acre (43,560 f2) and less. For

waste areas of 10 acres and greater, the 90th percentile DAF is 10 or less.
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Area ‘ DAF
(sq ft) 85 TH 90 TH 95 TH
1000 {1.09E+06 |3.76E+04 609.01
2000 | 1.86E+05 |9.63E+03 187.69
5000 |2.91E+04 |2.00E+03 53.02
10000 |9.31E+03 680.27 22.57
30000 | 1647.18 155.21 . 7.82
50000 869.57 84.25 5.41
70000 | 569.80 59.28 4.34
BOOOO |  477.33 50.56 397
150000 237.47 26.36 2.77
200000 174.86 20.19 2.37
500000 64.52 9.12 1.61
1000000 |  32.27 5.61 1.32
2000000 17.83 3.68 1.16
3000000 | 12.94 294 1.11
5000000 | 8.91 " 2.33 1.06

E-55

DAF values as a function of source area for base case scenario (x=25 fi,
- y=uniform in plume, z-nationwide distribution).




Table A2

DAF wvalues as a func;\;ion of source area for Scenario 2 (x=nationwide
distribution, y=uniform in plume, z=nationwide distribution).

Area ‘ DAF
(sq.ft) | 85TH | 90TH | 95TH
5000 | 6222.78 | 2425.42 | 565.61
8000 | 3677.72| 1573.32| 371.06
10000 | 321543 | 1286.01 | 298.78
45000 | 817.66 | 31506 73.48
50000 | - 745.16 | 288.27| €7.20
100000 | 42481 | 16082| 38.11
150000 | 30012 | 11471 ] 26.82
220000 | 218.87 82.30 | 1 20.00
' 500000 | 110.35 40.10 | ' -10.92
1000000 | 63.45 23.75 622
5000000 |  2103| ~ 785| . 255
6000000 |  19.06 7.01 239

E-56

LA

LA

™

LA

7]

N

1

1

2ent TR auts T eas B

'pans WY domes TN St TN B

F

amates RN it BN SRS




{

A T

1

1
#

!

.

O

3

I

—

3

Ty

1

|
P

I

{171

g
&

S,
Ed g

1

Table A3

B

Area DAF
(sq. ft.) 85 80 95
1000 {1.42E+07 [2.09E+05| 946.07
2000 |9.19E+05 |2.83E+04 211.15
5000 {5.54E+04 |2.74E+03 44.23
10000 |1.16E+04 644.33 15.29
30000 {1.43E+03 | 120.42 4.48
50000 | 66845 60.02 3.10
70000 417.19 37.97 253
80000 350.39 ' 33.16 2.34
150000 | 158.76 17.87 | 174
200000 114.63 1296 | 1.56
~ 500000 40.55 - 554 123
- 1000000 2113 3.50 1.15 |
- 2000000 11.58 238 108/
3000000 8.66 | 198| 1086
E-57

DAF values as a function of source area for Scenario 3 (x=0 ft, y=uniform
within half-width of source area, z=nationwide distribution).




Table A4

DAF values as a function of source area fi ‘s 4 (x= \
e . , or Scenario 4 (x=25 ft, y=uni
within half-width of source area, z=nationwide distribution). + Y =uniform

Area

DAF
(sq.1t.) | 85 80 a5
1000 |5.93E+05 |2.07E+04 348.31
2000 | 1.09E+05 |4.92E+03 118.11
5000 | 1.64E+04 |1.03E+03 29.86
10000 | 4.89E+03:| = 352.49 | 13.14
30000 | 92851 9398} 473
50000 | 490.20:|  49.78 3.28
70000 | 32342| 3479 2.69
o000 | 27285 2982 2.47
1so000 | 13205| 1685|182
- 200000 g7e4| 1228 - 1.61
s00000 |  37.99 550 129
1000000 20.08 | 350 | 1.17
2000000 11.35 2.40 1.10
3000000 8.49 2.00 1.07
E-58
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Table AS

DAF values as a function of source area for Scenario 5 (x=100 ft, y=uniform
within half-width of source, z=nationwide distribution).

Area DAF
(sq.ft.) 85 0 95
1000 | 4.24E+04 |3.43E+03 181.88
2000 |1.52E+04 |1.33E+03 74.79
5000 {4.24E+03 437.25 27.23
10000 [1.81E+03 204.29 13.09
30000 497.27 68.21 . 5.10
50000 293.34 40.72 an
70000 207.77 29.89 2.96
80000 | 184.57 26.86 273
150000 98.81 15.05 2.03
- 200000 7463 1155 | 1.82
. 500000 3299 5.83 - 1.40
1000000 '18.66 . an| 1.26
2000000 | . 11.14. 253 | 1.16
3000000 8.33 1] 209 | 1.13
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Table A6

DAF values as a function of source area for Scenario 6 (x=25 fi, y=soﬁrce
width + 25 ft, z=25 fi).

AREA DAF
(SQFT) 85 TH 90 TH 95 TH
1200 | 44247.79 | 10479.98 | 1004.72
1500 | 30750.77 | 7215.01 744.05
5000 ' 4789.27 | 1273.40 140.81
7500 | 2698.33 | 72569 82.51
23000 | 637.76| 155.16 21.82
26000 544.66 135.91 18.84
- 20000 | 48263| 12143 16.52
100000 | 13966| . 3555| 556
170000 | 7669, 2124 394
250000 5040 | 1504 319
800000 |- 1810|  604]  1.81
1800000 . 1026| 387] 148
E-60
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Appendix E

Dermal and Inhalation Exposure to
Contaminated Tap Water
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Appendix E

Appendix E

Dermal and Inhalation Exposure to Contaminated Tap Water

Methodology

General Modeling 0vérview:

 For this analysis, the same methodology that was employed for the Non-Groundwater
Pathway Risk Assessment; Petroleum Process Waste Listing Determination Notice of Data
Availability was used. Following this methodology, the maximum, modeled groundwater
concentration for each constituent of concern is used as the starting concentration. Both dermal
and inhalation risks are estimated based on this starting concentration. The maximum
groundwater concentration is calculated using combinations of high-end parameters in the
treatment train and/or high-end fate and transport parameters. Because the maximum
groundwater concentration is obtained by setting combinations of parameters to high-end,
including additional high-end parameters in the non-ingestion exposure model would lead to
overly conservative results. Therefore, central tendency values were used, when avaﬂab]e as
inputs in the model to avoid overly conservative risk estimations.

Exposures estimated for all indoor, household water uses. Exposure is assessed for three
house compartments—exposure from being in the shower stall during and immediately after
showering (both dermal and inhalation exposures), exposure from being in the bathroom after
showering (inhalation exposure), and exposure from being in the rest of the house (inhalation
exposure). It is assumed that all water uses for each household compartment occur while the
individual is in that compartment. Average air concentrations for each house compartment are
calculated and used to assess exposure from inhalation. Dermal exposures are calculated based
on the starting groundwater concentration.

To develop the model that was used to address the inhalation pathway, several articles on
existing models for estimating non-ingestion risks from household water uses (i.e., showering)
were evaluated. Dermal exposures were estimated using the methodology presented in Dermal
Exposure Assessment: Principles and Applications (U.S. EPA, 1992) and Risk Assessment
Guidance for Superfund, Volume I, Human Health Evauation Manual (Part A)

(U.S. EPA, 1989).

Description of Groundwater, Non-ingestion Exposure Model for Inhalation:

The model used in this analysis is based on the equations presented in McKone (1987).
The model estimates the change in the shower air concentration based on the mass of constituent
lost by the water (fraction emitted or emission rate) and the air exchange rate between the various

E-1




Appendix E

model compartments (shower, the rest of the bathroom, and the rest of the house) following the
same basic model construct described by Little (1992). The resulting dlfferentlal equations were
solved using finite difference numerical integration.

The basis for estimating the concentration of constituents in the indoor air is based on the

mass transfer of constituent from water to shower air.

This equation estimates the overall mass transfer coefficient from tap water to air from

showering:
25 R
Ka=B : y 1-1
D¥ D¥H (1-1)
where ‘
K, = overall mass transfer coefficient (cm/s)
B = proportionality constant (cm/s)" 173
D, = diffusion coefficient in water (cm /s)
D, = diffusion cocff1c1ent in air (crn2/s)
H’ = Dimensionless Henry’s law constant (=41*Hj ().

The constituent emission rate is estimated from the change in the shower water

concentration as the water falls, which i 1s calculated using the overa]l mass transfer coefficient as
follows:

where

dc/dt.= - K_(A/N)(c-y/H) ' (1-2)

liquid phase (droplet) constituent concentration (ug/cm? or mg/L)
‘time (s)

total surface area for mass transfer (cm? )

total volume of water within the shower compartment (cm?)

gas phase constituent concentration in the shower (ug/cm?® or mg/L)
dimensionless Henry’s law constant.

< > - 0O
n

1

«
w

\

H

Consequently, in addition to the overall mass transfer coefficient, the emission rate of a
contaminant within the shower is dependent on the surface-area-to-volume ratio of the shower
water (within the shower) and the concentration driving force between the water and the shower

air.

The shower emissions can be modeled based on falling droplets as a means of estimating

the surface-area-to-volume ratio for mass transfer and the residence time of the water in the

shower compartment. Equation 1-2 can then be integrated assuming the compound concentration
in the gas phase is constant over the time frame of the droplet fall. The time required for a droplet
to fall equals the nozzle height divided by the water droplet velocity. The ratio of the surface area
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Appendix E

to volume for the droplet is calculated as 6/d, (i.e., by assuming a spherical shape). By assuming
the drops fall at terminal velocity, the surface-area-to-volume ratio and the residence time can be
determined based solely on droplet size. A droplet size of approximately 1 mm (0.1 cm) was
selected. The terminal velocity for the selected droplet size is approximately 400 cm/s. The
fraction of constituent emitted from a water droplet at any given time can then be calculated by
integrating Equation 1-2 and rearranging as follows:

fem =1- Cout/Cin = (1 - fsat)(l -¢€ ﬁN) ! (1‘3)
where :
f,, = fraction of constituent emitted from the droplet (dimensionless)
Coie = droplet constituent concentration at shower floor/drain (mg/L)
¢, = dropletconstituent concentration entering the shower (mg/L)
fa = YJ/(H cy)=fraction of gas phase saturation (dimensionless)
N = dimensionless overall mass transfer coefficient = K; (6/d;) (h/v,)

droplet diameter = 0.1 (cm)
\2 terminal velocity of droplet = 400 (cm/s)
h = nozzle height (cm).

_UQ..
"

The gas phase constituent concentration in the shower is then calculated for each time

step for the duration of the shower. The air exchange rate between the shower and the bathroom

is included in the estimation of the gas phase concentration of the constituents in the shower.

ys,t+l = ys,t + [Qgs x (yb,t h ys,t) x (tt+1 B tt) + Es,t]Ns (1‘4)
where
ys"t +1 = gas phase constituent concentration in the shower at the end of time step
(mg/L) '
Ysx = .gasphase constituent concentration in the shower at the begmnm g of time
. step (mg/L)
Qgs = volumetric gas exchange rate between shower and bathroom (I/min)
Ype = gas phase constituent concentration in the bathroom at the beginning of
time step (mg/L) :
(t-;-t) = calculation time step
E;, = mass of constituent emitted from shower between time t and time t+1 (mg)
V. = volume of shower stall (L).

The shower model also provides direct estimates of the bathroom and whole house exposure. The
risk from inhalation exposures in the remainder of the house is generally several orders of
magnitude less than the risk from inhalation exposures in the bathroom and during showering.
The gas phase constituent concentration in the bathroom may be estimated by Equation 1-5 for
each time step of the exposure duration.
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‘ t t ‘
Yoge1 = You * Qg X (Vg = ¥ )] - [Qg X (}fb,t “ Yol + Jy x G x femp)) X —t%-t (1-5)

where
Ybue1 = gas phase constituent concentration in the bathroom at end of time step
(mg/L)
Ypbe = gas phase constituent concentration in the bathroom at beginning of time
step
Qy = volumetric gas exchange rate between bathroom and house
Yt = gas phase constituent concentration in the house at beginning of time step
(mg/L)
(Tyq -t) = calculation time step (min)
I, = bathroom water use (L/min)
C;, = -constituent concentration in tap water (mg/L)
fomp = fraction of constituent emitted from bathroom water use (unitless)
V, = volume of bathroom (L).

The gas phase constiuent concentration in the remainder of the house may be estimated by
Equation 1-6 for each time step of the exposure duration.

ner =i * {1Qgy X G =)l = 1Q X By = 3,01 # Gy X € x )} x| 20 (1-6)
, b
where

Y1 = gas phase constituent concentration in the house at end of time step (mg/L)

Ynt = gas phase constituent concentration in the house at beginning of time step
(mg/L)
Qg = volumetric gas exchange rate between the bathroom and house (L/min)
Yy = gas phase constituent concentration in the bathroom at begmmng of time
‘ step (mg/L) :

"Q,, = volumetric gas exchange rate between the house and atmosphere (1/min)

Yot = gas phase constituent concentration in the atmosphere (mg/L)
(T -t) = calculation time step (min)

I, = house water use—other than bathroom (I/min)
C,, = constituent concentration in tap water (mg/L) - :
fomn = fraction of constituent emitted from household water use—other than
bathroom (unitless)
V, = volume of house (L).

The average air concentration in the shower and bathroom are obtained by averaging the
concentrations obtained for each time step over the duration of the shower and bathroom use.
These concentrations and the durations of daily exposure are used to estlmate risk from
inhalation exposures to residential use of groundwater.
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Appendix E

Exposure Factors:

Where available, the exposure parameters used in this analysis are central tendency values
cited in the Exposure Factors Handbook (U.S. EPA, 1996). The remaining exposure factors
required for this analysis were obtained from McKone (1987). The original articles have been

. obtained to verify the values used in the analysis. Parameter values are presented in Table E-1.

The equation used to estimate a hazard quotient from inhalation is expressed as:

C.
H = air 1_7
Q RFC (1-7)
where
HQ = hazard quotient (uitless)
Cu, = average concentration of constituent in air (mg/m>)
RfC = reference concentration (mg/m>).

Dermal Exposure to Tap Water:

Another non-ingestion route of exposure to groundwater not considered in the
groundwater risk assessment for the proposed rule is dermal exposure from showering. The
methodology used for assessing risk from this exposure route follows the guidelines set forth in
Dermal Exposure Assessment: Principles and Applications (U.S. EPA, 1992) and Risk
Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (RAGS) (U.S.
EPA, 1989). ' «

The basic equation used to.calculate the contaminant dose from showering was obtained
from U.S. EPA (1992) and can be expressed as:

] -
X — 1'8
7S (1:8)

t
event 27 ( 1+3B
1+B 1+B

DA =C x K"

~event ~ “ water 14

)

where

DA,y = dose absorbed per unit area per event (mg/cm?)
water concentration (mg/L)
skin permeability constant in water (cm/h)

@]
!

o
JII

tevent duration of event (h)

T = lagtime (h)

B = bunge constant (unitless)
110 = L/em’
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Table E-1. Exposure Factors Used to Determine Risk from
Inhalation Exposure to Contaminated Tap Water

Exposure factor -

T
‘ameter value'

Shower duration

U.S. EPA, 1997b (Table 15-20) (Represents

10 min
time spent showering only)

Time in bathroom (includes shower duration, 40 min . U.S. EPA, 1997b (Tables 15-20, 15-23, and 15-

time spent in shower stall after showering, and 114) (Table 15-114 represents 24-hour

time spent in bathroom after leaving shower cumulative time spent in bathroom, which is -

stall) conservative to assume that all of this time
occurs immediately following the shower)

Shower rate 5.5 L/min Calculated (based on drop diameter and nozzle
velocity) ’

Shower/bath water use 15 gallons per U.S. EPA, 1997b (Table 17-14) (Median value

capita per day across several studies)
(ged)
Bathroom water use 35.5 ged U.S. EPA, 1997b (Table 17-14) (Summation of
: median values for shower, toilet, and one-half of
thve other water use rates; RTI assumed other
represents water use in sinks)

House water use 17.5 ged U.S. EPA, 1997b (Table 17-14) (Summation of
median values for Laundry, Dishwashing, and
one-half of the other water use rates; RTI
assumed other represents water use in sinks)

Volume of shower stall 2m’ McKone, 1987

Volume of bathroom 10m’ McKone, 1987

Volume of house 369 m* U.S. EPA, 1997b (Table 17-31)

Volumetric gas exchange rate between shower 100 L/min RTI-derived value ‘

and bathroom

Volumetric gas exchange rate between 300 L/min RTI-derived value

bathroom and house

Volumetric gas exchange rate between house

0.45 air chénges

U.S. EPA, 1997b (Table 17-31) (Median value;

and atmosphere per hour (2,768 given a low overall confidence rating)
L/min)

Fraction emitted, bathroom 0.50 Calculated

Fraction emitted, house water 0.66 - Calculated

Time toilet emits 40 min/d U.S. EPA, 1997b (Tables 15-20, 15-23, and 15-
114) (Table 15-114 represents 24 hour-
cumulative time spent in bathroom, which is
conservative to assume that all of this time
occurs immediately following the shower)

Time house water emits 15.7 h/d U.S. EPA, 1997b (based on cumulative time

spent indoors at a residence, Table 15-131,
minus time spent in bathroom [see above])

From the dose absorbed, hazard quotients can be calculated for the constituents of concern by

applying the following equation:
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Appendix E
DA, xEFxSA,.
HQ _ event skin (1_9)
RfD x BW
where
HQ = hazard quotient (unitless)
DA, = dose absorbed per unit area per event (mg/cm?)
EF = -event frequency (showers per day)
SAgi, = surface area of skin (cm?)
RfD = oral reference dose (mg/kg/day)
BW = body weight (kg).

No RfDs or slope factors are available for the dermal route of exposure; however ,
App\endix A of RAGS gives some general guidance for calculating intakes via the dermal route
and making appropriate comparisons with RfDs or slope factors. In sum, oral RfDs and slope
factors may need to be adjusted (depending on the constituent) based on the oral absorption
efficiency of the constituent. RfDs are multiplied by the oral absorption efficiency and slope
factors are divided by the oral absorption efficiency. Generally, oral absorption efficiency data
are not readily available and have to be researched independently. Alternatively, US EPA Region
IV has adopted the following oral absorption efficiencies as interim default values: 80% for
volatile organic chemicals, 50% for semivolatile organic chemicals, and 20% for metals (US
EPA, 1995).
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Appendix F

Sensitivity Analysis

This appendix presents the results of three sensitivity analyses that were conducted to
investigate parameters used in the risk analysis. These parameters are:

e area of the landfill
¢ depth of the landfill
e biodegradation of constituents in landfills.

The attached tables present the results of the sensitivity analysis.

Landfill Area—The results presented in this appendix indicate that the 75th and 90th
percentile areas are associated with less risk than the 50th percentile landfill area for both the air
pathway and the groundwater pathway. In this case, the dilution from the greater volume of
municipal waste assumed disposed of in the larger landfill is greater than the effect of the smaller
DAF associated with the larger landfills.

Landfill Depth—The results of the sensitivity analysis for landfill depth indicate that the
maximum effect is a decrease in risk of 1 order of magnitude. The decrease in risk is due to
dilution of the waste with the increased volume of the landfill. This effect is the same for both
the inhalation and the drinking water pathways. There is little data on the actual depths of
municipal landfills; thus, a value was chosen, based on the best professional judgment, from the
Texas municipal landfill survey data. This value is compared in the sensitivity analysis to the
10th , 50th; and 90th percentile values derived from the total distribution. The effect of changes
in the landfill depth is to change the capacity of the landfill in a linear fashion, which in turn
changes the waste dilution factor linearly as well. These values were used because the Texas
municipal landfill database was the only data source available that contained landfill depths.

Biodegradation—It is debatable whether degradation occurs in the landfill environment.
Therefore, a sensitivity analysis has been conducted to determine the effect of including this loss
mechanism in the risk assessment. The sensitivity analysis was conducted both with the
constituent-specific biodegradation rates that were included in the risk assessment and with
biodegradation set to zero for all compounds. The results of this analysis are constituent-specific:
for drinking water, they range from no effect to a factor of 7; for inhalation, the inclusion of -
biodegradation may actually decrease risk slightly or increase it by a maximum factor of 1.5.




Appendix F

Sensitivity Analysis for Landfill Area: Comparing 50th Percentile Area to 75th and
90th Percentile Areas Inhalation Risk

Ratio of 75th Ratio of 90th

-Percentile Percentile Area
Area to 50th to 50th
~ Percentile  Percentile Area
Constituent CAS 50th 75th 90th Area Risks Risks
Carbon tetrachloride 56-23-5 4.E-08 3.E-08: 1E-08 0.6 0.3
Ethyl ether 60-29-7 NA NA NA ..NA NA -
Methanol 67-56-1 1.E-06 8.E-07 4E-07 0.8 0.4
Acetone 67-64-1 1.E-06 6.E-07 3E-07 0.6 0.3
Butanol 71-36-3 NA NA NA NA NA
Benzene 71-43-2 2.E-08 1.E-08  7E-09 0.6 0.3
1,1 ,1-Tfichloroethane 71-55-6 3.E-05 2.E-05 8E-06 0.6 0.3
Methylene chloride 75-09-2 2.E-09 1.E-09 5E-10 0.6 0.3
Carbon disulfide 75-15-0 5.E-05 3.E-05 1E-05 0.6 0.3
Trichlorofluoromethane 75-69-4 5.E-05 3.E-05 1E-05 0.6 0.3
Dichlorodifluoromethane 75-71-8 1.E-04 9.E-05 | 4E-05 0.9 0.4
1,1,2-Trichloro-1,2,2- 76-13-1 1.E-06 7.E-07 3E-07 0.7 0.3
trifluoroethane ‘
isobutyl alcohol 78-83-1 NA NA ' NA NA NA
Methyl ethyl ketone 78-93-3 2.E-05 1.E-05 5E-06 0.6 0.3
1.1 ,2-Trichlqroethane 79-00-5 1.E-08 9.E-09 4E-09 0.6 0.3
’ Trichloroethylene 79-01-6 3.E-09 2.E-09 8E-10 0.6 0.3
2-Nitropropane 79-46-9  4E-06  3.E-06 1E-06 0.6 0.3
o-Xylene 95-47-6 NA - NA NA  NA NA
o-Cresol i 95-48-7 NA® NA NA NA NA
1,2-Dichlorobenzene 95-50-1 1.E-06 9.E-07 4E-07 0.9 0.4
Nitrobenzene 098-95-3  9.E-05 6.E-05 3E-05 0.6 0.3
Ethylbenzene 100-41-4  6.E-06 4 E-06 2E-06 0.6 0.3
p-Cresol 106-44-5 NA NA NA NA “ NA~
Methyl isobutyl ketone 108-10-1 1.E-04 7.E-05 3E-05 0.7 0.3
m-Xylene 108-38-3 NA - NA NA " NA NA
m-Cresol 108-39-4 NA NA NA NA NA
Toluene 108-88-3 3.E-05 2.E-05 = 9E-06 0.7 0.3
Chlorobenzene 108-90-7 3.E-04 . 2E-04 7E-05 0.5 0.2
Cyclohexanone 108-94-1 NA NA NA NA NA
2- Ethoxyethanol 110-80-5 3.E-06 2.E-06 8E-07 0.6 0.3
Pyridine 110-86-1 ' 2.E-04 1.E-04 6E-05 0.6 0.3
Tetrachloroethylene “127-18-4 = 8.E-05 5.E-05" 2E-05 0.6 0.3
Ethyl acetate 141-78-6 NA NA - NA NA NA.
Xylenes (total) 1330-20-7 9.E-06 6.E-06 3E-06 0.6 0.3
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Appendix F

Sensitivity Analysis for the Effect of Including Degradation in the Landfill in the
Risk Analysis for the Ingestion of Drinking Water

3
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777

. " Ratio -No
Drinking Drinking  Degradation: .
Leachate - No Water-No Leachate - Water - ;Deg[adation N
Constituent CAS Degradation Degradation Degradation Degradation  Included
Carbon tetrachloride 56-23-5. . 5.E-05 4.E-06 7.E-06 - 6.E-07 7.0
Ethyl ether 60-29-7 5.E-01 5.E-02 5E-01  5.E-02 1.0
Methanol 67-56-1 7.E-01 6.E-02 6.E-01 5.E-02 1.2
Acetone 67-64-1 3.E+00 3.E-01 2.E+00 2.E-01 15
Butanol 71-36-3 2.E+00 2.E-01 2.E+00 2.E-01 1.0
Benzene 71-43-2 4.E-05 4.E-06 3.E-05 3.E-06 15
1,1,1-Trichloroethane 71-556  2.E-02 2.E-03 4.E-03 4.E-04 .50
Methylene chioride 75-09-2  6.E-05 5.E-06 4.E-05 3E-06 16
Carbon disulfide 75-15-0 1.E-01 9.E-03 1.E-01 9.E-03 10,
Trichlorofluoromethane 75-69-4 1.E-02 9.E-04 2.E-03 2.E-04 . f 50 .
Dichlorodifluoromethane 75-71-8 4.E-02 4.E-03 7.E-03 6.E-04 i 5.7
1,1,2-Trichloro-1,2,2- 76-13-1 3.E-05 3.E-06 3.E-05 3.E-06 1.0
trifluoroethane ‘
Isobutyl alcohol 78-83-1 7.E-01 6.E-02 6.E-01 5.E-02 1.2
Methyl ethyl ketone 78-93-3 4.E-01 4.E-02 4.E-01 4.E-02 1.0
1,1,2-Trichloroethane 79-00-5 . . 1.E-04 1.E-05 2.E-05 2.E-06 6.9
Trichloroethylene 79-01-6  5.E-06 5.E-07 7.E-07 7.E-08 7.0
2-Nitropropane 79-46-9 NA NA NA NA NA :
o-Xylene 95-47-6  B.E-04 7.E-05 8.E-04 7.E-05 1.0
o-Cresol 95-48-7 4.E-01 4.E-02 2E-01 - 2E02 2.0 .
1 ,2-Dich?!orobenzene 95-50-1 9.E-03 8.E-04 2.E-03 2E-04 - 45
Nitrobenzene 98-95-3 6.E+01 5.E+00 1.E+01 9.E-01 © 6.0
Ethylberizene 100-41-4  1.E-02 9.E-04 1.E-02 9.E-04 1.0
p-Cresol 106-44-5  5.E+00 5.E-01 4.E+00 4.E-01 1.3
Methyl isobutyl ketone 108-10-1  1.E+00 9.E-02 1.E+00 9.E-02 1.0
m-Xyleng: 108-38-3  7.E-04 ' 6.E-05 7.E-04 6.E-05 1.0
m-Cresol 108-39-4  4.E-01 4.E-02 4.E-01 4.E-02 1.0
Toluene 108-88-3 - 2.E-02 2.E-03 1.E-02 9.E-04 2.0
Chlorobénzene 108-90-7  1.E-01 9.E-03 3.E-02 '3.E-03 33
Cycloheﬁa‘none 108-94-1, 4.E-02 4.E-03 3 4.E-02 4.E-03 1.0
2-Ethoxyethanol 110-80°5  1.E+00 9.E-02 8.E-01 7.E-02 1.3
Pyridine: 110-86-1  2.E+02 2.E+01 2. E+02 2.E+01 1.0
Tetrachloroethylene 127-18-4  3.E-01 3.E-02 5.E-02 5.E-03 6.0
Ethyl acetate 141-78-6  2.E-01 2.E-02 2.E-01 2 E-02 1.0
Xylenes (total) 1330-20-7  7.E-04 6.E-05 4.E-04 4.E-05 1.8
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